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M54567P 
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M51728L, FP 
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7 -3 


M54568L 
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M5174P 
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9-55 
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M54521 P 
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M54641L 


6 -103 


M51907P 
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M54522P 


9-83 


M54642L 


6 -106 


M51909P 
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M54523P 


9-60 


M54648L 


6-110 


M51910P 


8-11 


M54524P 


9 -63 


M54648AL 


6 -113 


M51911L 


8 -35 


M54525P 


9-66 


M54649L 


6-116 


M51912L 


8 -39 


M54526P 


9 -69 


M54847AP 


10-80 


M51920P 


10-48 


M54527P 


9 -32 


M54940P 


10—69 


M51922L 


3-37 


M54528P 


9 -58 


M54970P 


10-83 


M51923P, FP 


3-41 


M54529P 
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M54975P 


10-90 


M51924P, FP 


3 -57 


M54529AP 


9 -14 


M54976P 


10-95 


M51950L 


10-52 


M54530P 


9 -72 


M 54977 P 


10-100 


M51961L 


10-57 


M 54531 P 


9-75 


M58479P/M58482P 


5 -28 


M51970L 


6 -20 


M54532P 


9 -5 






M51971L, FP 


6 -26 


M54533P 


9-20 
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OPERATIONAL AMPLIFIER, PRE AMPLIFIER 



Function 


Generic No. 


Mitsubishi Fin For 
Pin Replacement 


Mitsubishi Recommended (Features) 


Single op amp 


741 


M51802P/M5F741P 


•M51802L/P [single in line package] 


Dual op amp 


4557, 4558, 4559 


M5218P/M5R4558P 


• hAROi A! ["Compatible with 4557, 4558, 4559 s ! 
ivio^ ioi_ Uingle in line package J 


358/2904 


M5223P/M5N358P 


•M5223L (^Single in line package] 


• M5216P/L f M '9 h current outputs 
MO * 1 or/ L ^equivalent to 4556 ) 


324/2902 


M5224P/M5N324P 




J.FET Input op amp 


072, 082 


M5221P/M5T082P 


• M5221 L ^Single in line package] 


Switching op amp 






^IS/15201 


Dual High Voltage op amp 


^M5209 


AM5210 


Dual Low noise pre-amp 


AM5219 


^M5220 


Quad low noise ope amp 


AM5228 


Dual low noise J-FET 
Input op amp 


^M5238 


^M5240P 



Note : ^ Mitsubishi original, • Functional equivalent 

VOLTAGE COMPARATOR 



Function 


Generic No. 


Mitsubishi Pin For 
Pin Replacement 


Mitsubishi Recommended (Features} 








AM51201L | 


'Low input current *>» 
high output drive, including refference I 
"with hysteresis, Vcd 7~6.5V "* 








AM51202L | 


'Low input current "| 
.high output drive, V C c1 7~6.5Vj 








AM51203L | 


-Low input current ^ 
high output drive, V C c3~28V J 
* including refference with hysteresis"^ 


Single comparator 






AM51204L | 


'Low input current 

.high output drive, V C c2.5~28Vj 








AM51205L | 


'Low input current •»» 
stabilized power supply terminal I 
"including refference with hysteresis"^ 








AM51206L | 


'Low input current *"] 
.stabilized power supply terminalj 








AM5123TL 








^M51200P 








AM51207L 


Dual comparator 






AM51922L 








AM51923P/FP 








AM5233 








AM51209P 


Quad comparator 






AM51924P/FP 








AM5234 



Note £± Mitsubishi original, • Functional equivalent 
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VOLTAGE REGULATOR 



Function 


Generic No. 


Mitsubishi Pin For 
Pin Replacement 


Mitsubishi Recommended (Features) 


Variable Dual 






AM5230L 


Variable Single 






AM5231TL 


3-Terminal Variable 






AM5235L 






A M5236 


78L 


M5278LXX 




SW Control 


494 


M5T494P 




Note '. A Mitsubishi original, • Functional equivalent 

DISPLAY DRIVER 


Function 


Generic No 


Mitsubishi Pin For 
Pin Replacement 


Mitsubishi Recommended (Features) 


5-Step bar indicator 






A M51903L ^Linear mode operation] 


6-Step bar indicator 






A M51906P precluding AC-DC converter"! 


r* Including AC-DC converters 
A M51911L I , low current I 
Nog scale ^ 


^Including AC-DC converters 
A M51912L I low current J 
^linear scale ^ 


8-Step bar indicator 






. . . _ , _~ ^Including AC-DC converters 

A M51907P I low current J 
Nog scale ^ 


r-lncluding AC-DC converters 
A M51909P I low current J 
^linear scale 


9-Point level indicator 






A M51910P [2 inputs indicator] 


12-Point level indicator 






A M51901P ^23-Mode indicator] 



Note : ^ Mitsubishi original, • Functional equivalent 
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TIMER 



Functa 


<3eherfeNo» s 


Mitsubishi Pin For 

Pin Replacement ; 


1 Mitsubishi Recommended (Features) 


Single timer 


555 


M51841P/M5E555P 


.M51848P/M5E555AP[ r ^ e h t =P^f n ^~ompa« i b l e] 




rHigh speed guaranty n 
•M51848L I reset terminal TTL compatible! 

single in line package J 


A M51843P ^Large supply voltage application] 


Dual timer 


556 




• M51 847P/M5E556APC r H e 'f e h t 1^na g l U ^ a L7ompa,,b 1 e] 


Counter timer 






A M51849L [Long time capability~50hours] 


AM52051P 


**Low power dissipation 
AM58479P I superior noise immunity, extremely J 
^broad time-delay range (50ms~480h)^ 


A lir . in ._ r-Low power dissipation ^ 
AM58482P I superior noise immunity, extremely J 
^broad time-delay range (50ms~480h)^ 


Long timer 






AM51845L 



Note : A Mitsubishi original, • Functional equivalent 



MOTOR DRIVER 



Function 


Generic No, 


Mitsubishi Pin For 
Pin Replacement 


Mitsubishi Recommended (Features) 


Motor control 






A M51660L £ Radio control servo} 


Position control 


F-G Servo 






AM51970L [single in line] 


PLL Servo 






AM51728L [ 8 H :?| e TO] 


AM51971L.FP 


2-Phase brushless 






AM51781SP 


AM51781FP 


3-Phase brushless 






AM51724P 


AM51714P 


Bi-directional driver 






AM54540AL [l O (max)/lo±0 6A/±0 ia] 


AM54541L (lo(max)/'o±0.8A/±0 2a] 


AM54542L [lo<max>/lo±1-2A/±0 3a] 


AM5454^L flo(max)/lo±1-2A/±0 3A N | 
^M0404>3L LMotor braking function J 


AM54544L f'o(max)/lo±1 2A/±0 SA^ 
iviof o*w i_ LMotor braking function J 


AM54545L f 'o(max)/'o±1 2A/±0 2A"| 
M0< * 040L LMotor braking function J 


AM54546L r'o(max)/lo±0 7A/±0 ISA^I 
LMotor braking function J 


AM'iA^aTP foCmaxJ/'oiO 6A/±0 15A "1 
iviotu*** r LBuilt m error amp, motor braking functions 


A M54548L f IvloT-o^braking function ] 
^•op amp and decoder ^ 


r l Q ( max )/l Q ±1.2A/±0 3A ^ 
A M 54 549 L I Motor braking function I 
^dual bi-directional, thermal shutdown"^ 



Note : A Mitsubishi original, • Functional equivalent 
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MOTOR DRIVER 







\ < MitiubtshlFli* For . -\ " 
> ' / flfr* Replacement . « - ; , 


Af;:';;;:, Mitsubishi Recc^menc&d (Peatums)/; , - - : - 








^M54543AL 


I MoToT^braking function J 
^thermal shutdown J 








AM54544AL 


r , Q(max)/lQ/±1 2A/±0.3A^, 
1 Motor oraking function I 
^thermal shutdown -* 








*M54549AL 








AM54641L 


Bi-directional driver 






AM54642L 








AM54648L 








^M54648AL 








^M54649L 








AM51714P 


F-V Servo 






AM51722P.FP 






^M51723P,FP 



Note : A Mitsubishi original, • Functional equivalent 

ANALOG SWITCH 



Function 


- Generic No, " 


' F% Replacement 


Mitsubishi Recommended (Features) 


Analog SW 






AM51320P fvideo SW, 2 inputs 3ch] 








A M51326P [ Video SW, 2 inputs 3ch] 








A M51321P [ Video SW, 3 inputs 3ch] 


Bipolar SW 






A M51327P £ Video SW, 3 inputs 3ch} 








AM51329P 








A M51551 P/FPf Audio SW, 2 inputs 2ch] 




401 6B 


M4016BP 






4066B 


M4066BP 




CMOS SW 


4051 B 


M4051BP 






4052B 


M4052BP 






4053B 


M4053BP 





Note '■ A Mitsubishi original, • Functional equivalent 
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USER'S GUIDE 



TRANSISTOR ARRAY 



Function 


Generic No. 


Mitsubishi Pin For 
Pin Replacement 


, , Mitsubishi Recommended [Features] 


4- Unit Tr array 






A M54512L Csing^e in line package] 


2064 




A 54532P [l.5A darlington, with clamp diode] 






/\KAK.AKCi7c» f 1 5A darlington with clamp diode"*) 
MD40D ' K L input "L" active J 


A M54568L [single FnHne package] 


5- Unit Tr array 






A M54516P [500mA darlington] 


A M 54521 P [500mA darlington] 


A M 54529 P/AP[ 320m A with strobe] 


6- Unit Tr array 






A M54527P [1 50mA with clamp diode] 


ak^r/IR'IQD f"320mA with clamp diode*! 
^MO^OkJvJI-' ^ and strobe J 


/wacaroad f320mA with clamp diode**! 
A M54534P Land strobe J 


/\KACAd-7QD f 700mA with clamp diode"! 
A M54578P Land strobe J 


A M54539P [700mA with clamp diode] 


A M54571 P [350mA printer driver] 


7- Unit Tr array 






A M54514AP [50mA NPN driver] 


A M54515P [l6mA NPN driver] 


A M54517P [400mA darlington] 


A M54519P [400mA darlington] 


2003 


• M54523P 




2001 


• M54524P 




2002 


• M54525P 




2004 


• M54526P 








A M54528P [l50mA darlington with clamp] 


A M54530P [400mA darlington with clamp] 


A M54531 P [400mA darlington with clamp] 


A M54535P [l50mA with clamp and strobe] 


A M 54536 P [ 150mA with clamp and strobe] 


A M54537P [320mA non-darlington driver] 


A M54538P [350mA and motor driver] 


A M54560P [l50mA source darlington] 


A M54561 P [300mA source darlington] 


a.kak.ak.rrd f 400mA darlington"*! 
A M54566P Lmput "L" active J 



Note : A Mitsubishi original, • Functional equivalent 
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USER'S GUIDE 



TRANSISTOR ARRAY 



function 


0eh*rf6N& ' ' 


Mitsubishi Fin fot 
Pin Replacement 


Mitsubishi Recommended (Features) 








AM54576P/FP[? n ° p - A .. L ,. actlv J 


7-Unit Tr array 






AM54577P/FP[^ e A r non - darlington ] 








A M54580P Qor 0 FL A SOUrCe darlington ] 








A M54513P [50mA NPN driver] 








f 400mA darlington") 
M04 * 0Z ^ K Lwith clamp diode J 




2982 


• M54562P 






2981 


• M54563P 










A M54564P £ 500mA source darlington for Fl_] 


8- Unit Tr array 






AM54565P L . aotiv J 






A M 54569 P [30mA PNP array] 








AM54581P 








A M54583P 








A M54584P 








A M54585P 








A M54586P 



Note : A Mitsubishi original, • Functional equivalent 
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MITSUBISHI GENERAL PURPOSE ICs 

USER'S GUIDE 



MISCELLANEOUS 







Pm Replacement 


Mitsubishi Reeomiriended (Features) - 


Electonic Volume Control 






^M5222 


^M5241L 


Voltage Defector 






AM5232L 


Volume Control 






AM50601P 


Disk Drive 






AM51017AP 


Servo Motor Position Control 






^M51660L 


Dual Channel Electronic ATT 






AM51523AL 


Zero volt trigger ckt 
Flame defector 






^M5172L 


AM51743P 


^M5174P 


Warning driver 






^M51920P 


Car cooler control 






AM51950L 


Flasher control 






^M51961L 


4-BIT A-D Converter 






AM52670P.FP 


Dual differential amp 


3054 


M5109P 




8-Digit display driver 






^M54940P 


2-Digit BCD-7 segment 
Decoder/driver 






AM54847AP 


8-BIT Latched driver 






AM54975P 


^M54976P 


9-BIT Latched driver 






AM54970P 


1 2-BIT Latched driver 






AM54977P 


Single chip CMOS 
speech synthsizer 






AM50800-XXXSP/M50802-XXXP 


a M50805-XXX P, FP/M50806-XXX P, FP 



Note : ^ Mitsubishi original, • Functional equivalent 
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ORDERING INFORMATION 

Function and style may be specified by using the following simplified alphanumeric code. 



1. FOR MITSUBISHI ORIGINAL PRODUCTS 

Example : M 5 45 14 A P 



T 



-M : indicates the product is a Mitsubishi Electric integrated circuit. 
-5 ) industrial/consumer 

(Operating ambient temperature range is —20 — r-75°C, standard) 
9 : High-reliability type 

A single or two-digit alphanumeric code indicates circuit type and series name. 
-0 : CMOS 

1~2 : Linear circuit 
3 : TTL 

10~19 : Linear circuit 
20~29 : Linear circuit 

32~33 : TTL (equivalent to the Tl SN74 family) 
41~47 : TTL and others 
48-49 : IIL 

84 : CMOS 

85 : p-channel silicon gate MOS 

86 : p-channel aluminum gate MOS 

87 : n-channel silicon gate MOS 

88 : p-channel aluminum gate ED-MOS 

89 : COMS 

-S0~S2 : Schottky TTL (equivalent to the Tl SN74S family) 

This group consists of a two- or three-digit serial number to indicate the type of 

circuit within the series. 
-Consists of a single letter which indicates the difference of outer appearance or 

some part of the device specifications as listed below. 

(1) For linear circuits, this is one letter of the alphabet, chosen in 
alphabetical order but not including I or O, which is used to flag devices 
for which parts of the specifications differ. 

(2) For devices with identical specifications having only pin-bending direc- 
tion differences, an R is assigned to this group following group (5). 

(3) When this group designation is not required, the next group is shifted to 
the left to follow group (5) immediately. 

- Package style 

K ' Low melting point glass sealed ceramic-type package 
L 1 

SL • : Plastic molded SIP (Single In-line Package) 
TL 

gp | : Plastic molded DIP (Dual In-line Package) 
FP ) 

j I Plastic molded FLAT package 
S : Metal-sealed ceramic 
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2. FOR SECOND SOURCE PRODUCTS 

Example : M 5 K 4116 S-2 



■ M .' Mitsubishi integrated prefix 



Indicates application and temperture range 
5 : Standard industrial/commercial 
(0~+70775°C or -20 — h85°C) 
9 : High reliability 



Sales designation of original source using 1 or 2 alphabetical characters. 

C : Motorola's MC series 

G : General Instrument's seuies 

K : Mostek's MK series 

L ! Intel's series 

M : Mitsubishi products 

T : Texas Instrument's 

W : Western Digital's series 

Circuit function identification code of the original source type name. 
Package style 

K : Low melting point glass sealed ceramic-type package 

P : Plastic molded package 

S : Metal sealed ceramic package 



' Electrical characteristics identification code using 1 or 2 digits. 

PACKAGE CODE 

Package style may be specified by using the following simplified alphanumeric code 
Example : 16 P 4 

~TZ — I Number of pins 

' Package structure 

K : Low melting point glass-sealed ceramic 

P '. Molded plastic 

S .' Metal sealed ceramic 



Package outline 

2 : FLAT 

2W : FLAT wide 

4 : DIP 

4B : Shrink DIP 

5 : SIP 



5A : ZIP 

6 : FLAT. quip 

7 : SIP with fin 
9 : SIP with fin 

9B : Shrink SIP with fin 
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1 INTRODUCTION 

IC & LSI have made rapid technical progress in electrical 
performances of high integration, high speed, and sophisti- 
cated functionality. And now they have got boundless wider 
applications in electronic systems and electrical ap- 
pliances. 

To meet the above trend of expanding utilization of IC & 
LSI, Mitsubishi considers that it is extremely important to 
supply stable quality and high reliable products to cus- 
tomers. 

Mitsubishi Electric places great emphasis on quality as a 
basic policy "Quality First", and has striven always to im- 
prove quality and reliability. 

Mitsubishi has already developed the Quality Assurance 
System covering design, manufacturing, inventory and de- 
livery for IC & LSI, and has supplied highly reliable pro- 
ducts to customers for many years. The following articles 
describe the Quality Assurance System and examples of 
reliability control for Mitsubishi General Purpose ICs. 

2. QUALITY ASSURANCE SYSTEM 

The Quality Assurance System places emphasis on built-in 
reliability in designing and built-in quality in manufacturing. 
The System from development to delivery is summarized in 
Figure 1. 

2.1 Quality Assurance in Designing 

The following steps are applied in designing stage for new 
product. 

(1 ) Setting of perfomance, quality and reliability target for 
new product. 

(2) Discussion of performance and quality for circuit de- 
sign, device structure, process, material and package. 

(3) Verification of design by CAD system to meet standar- 
dized design rule. 

(4) Functional evaluation for bread-board device to confirm 
electrical performance. 

(5) Reliability evaluation for TEG (Test Element Group) 
chip to detect basic failure mode and investigate fai- 
lure machanism. 

(6) Reliability test (In-house qualification) for new product 
to confirm quality and reliability target. 

(7) Decision of pre-production from the standpoint of per- 
formance, reliability, production flow/conditions, pro- 
duction capability, delivery and etc. 

2.2 Quality Assurance in Manufacturing 

The quality assurance in manufacturing are performed as 
follows. 

(1) Environment control such as temperature, humidity and 
dust as well as deionized water and utility gases. 

(2) Maintenance and calibration control for automatized 
manufacturing equipments, automatic testing equip- 
ments, and measuring instruments. 

(3) Material control such as silicon wafer, lead frame, 
packaging material, mask and chemicals. 



(4) In-process inspections in wafer-fabrication, assembly 
and testing. 

(5) 100% final inspection of electrical characteristics, 
visual inspection and burn-in, if necessary. 

(6) Quality assurance test 

-Electrical characteristics and visual inspection, lot by 
lot sampling 

-Environment and endurance test, periodical sampling. 

(7) Inventory and shipping control, such as storage en- 
vironment, date code identification, handling and ESD 
(Electro Static Discharge) preventive procedure. 

2.3 Reliability Test 

To verify the reliability of a product as described in the Mit- 
subishi Quality Assurance System, reliability tests are per- 
formed at three different stages of new product develop- 
ment, pre-production, and mass-production. 
At the development of new product the reliability test plan 
is fixed corresponding to quality and reliability target of 
each product, respectively. The test plan includes in-house 
qualification test, and TEG evaluation, if necessary. TEG 
chips are designed and prepared for new device structure, 
new process and new material. 

After the proto-type product has passed the in-house qual- 
ification test, the product advances to the pre-production. In 
the pre-production stage. The specific reliability tests are 
programmed and performed again to verify the quality of 
pre-production product. 

In the mass production, the reliability tests are performed 
periodically to confirm the quality of mass production pro- 
duct according to quality assurance test program. 
Table 1 shows an example of reliability test program for 
plastic encapsulated IC & LSI. 



Table 1 TYPICAL RELIABILITY TEST PROGRAM 
FOR PLASTIC ENCAPSULATED IC & LSI 



Group 


Test 


Test condition 


1 


Solderability 


230°C, 5sec Rosin flux 


2 


Soldering heat 


260°C, lOsec. 


Thermal shock 


— 55°C , 1 25°C , 1 5cycles 


Temperature cycling 


— 65°C, 150°C, 100cycles 


3 


Lead fatigue 


250gr, 90°, 2arcs 


4 


Shock 


1500G, 0. 5msec. 


Vibration 


20G, 100~2000Hz 
X, Y, Z direction 
4min./cycle, 4cycles/direction 


Constant acceleration 


20000G, Y direction, 1mm 


5 


Steady-state operation 
life 


T a =Toprmax, Vccmax 
1000hours 


6 


High temperature 
storage life 


T a =150°C, 1000hours 


7 


High temperature and 
high humidity 


85°C, 85%, 1000hours 


Pressure cooker 


121°C, 100%, 100hours 
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STAGE 



MARKET 



SALES 



DESIGN/ 

PRODUCTION 

ENGINEERING 



MANUFACTURING 



QUALITY 
ASSURANCE 



PRODUCTION 
CONTROL 



MARKET SURVEY 



STRATEGIC PRODUCT PLAN ^ 



(D 

CO 



J 



c 



At- 



rial production/ 



CHARACTE 



3IZATION 



J- 



MATERIAL >| 

QUALIFICATION J 



QUALIFICATION (1) 



DECISION OF PRE-PRODUCTION 



z 
O 
f- 

o 

D 
, O 
ujO 
cccc 

CLO. 



PREPARATION 
OF SPECS./ 
. INSTRUCTION^ 
JL 



( PRE-PRODUCTION J- 



QUALIFICATION (2) 



T 



DECISION OF MASS PRODUCTION 



f PRODUCTION \ 

I order _J 



o 

Z> 
Q 
O 



< 
2 



' PRODUCTION >t 
, PLAN, ) 



co£ 

SF 13 



T v 

(waffr fab.)« 
(assembly)" 

J. 

fFINAL 

.INSPECTION, 



./final ^\ 
Inspection/ 



2. 



C 



MATERIAL 
INCOMING 
TEST 



) 



(QUALITY 
ASSURANCE TEST 



O 
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O 
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O 



QUALITY DATA/FAILURE ANALYSIS/QUALITY 
IMPROVEMENT 
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o 

DC 



CO 

Q 
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RETURNED PRODUCT 
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FA LURE ANALYSIS/CORRECTIVE ACTION 
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O 



o 
o 

Q 



Q 
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» FLOW OF PRODUCT 
Fig.1 FLOW CHART OF QUALITY ASSURANCE SYSTEM 



FLOW OF INFORMATION 
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2.4 Returned Product Control 

When failure analysis is requested by a customer, the 
failed devices are returned to Mitsubishi Electric via the 
sales office of Mitsubishi using the form of "Analysis Re- 
quest of Returned Product" 

Mitsubishi provides various failure analysis equipments to 
analyze the returned product. A failure, analysis report is 



generated to the customer upon completion of the analysis. 
Failure analysis result enforces to take corrective action for 
the design, fabrication, assembly or testing of the product 
to improve reliability and realize lower failure rate. 
Figure 2 shows the procedure of returned product control 
from customer. 



RETURNED PRODUCT 



ISSUE ANALYSIS REQUEST 
FOR RETURNED PRODUCT 



FAILURE ANALYSIS 
I 



'1 



VISUAL INSPECTION 



ELECTRICAL 
CHARACTERISTICS TEST 



C 



CLASSIFICATION OF 
FAILURE MODES 



ACCEPTANCE 



SIMULATION TEST 



ELECTRICAL 
CHARACTERISTICS TEST 



REJECTION 

I^CCEPJAJMCEl 



T 



INTERNAl 
INSPE 


_ VISUAL 
CTION 




CHIP AN 


ALYSIS 



4 



.J 



CONFIRMATION OF 
, FAILURE CAUSE 



NVESTIGATION OF CAUSE 



REPORT 
GENERATION 



REPORT TO 
CUSTOMER 



SURVEY OF 
PROCESS RECORD 



PRELIMINARY 
CORRECTIVE ACTION 




NO GO 



FIXED CORRECTIVE ACTION 
PREVENTIVE MEASURES 



Fig.2 PROCEDURE OF RETURNED PRODUCT CONTROL 
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3 RELIABILITY TEST RESULTS 

The reliability test results for Mitsubishi General Purpose 
ICs are shown in Table 2, Table 3 and Table 4. 
Table 2 shows the result of endurance tests of steady-state 
operation life and high temperature storage life test for rep- 
resentative types of General Purpose ICs, Operational 
Amplifier, Voltage Comparator, Timer, Motor Driver, Voltage 
Regulator and Transistor Array. From Table 2, the combined 



failure rate of Mitsubishi General Purpose ICs is calculated 
0.04596/1 OOOhours (60% confidence level) at maximum rat- 
ing of operating condition. 

Table 3 shows the result of environment test of temperature 
cycling, high temperature/high humidity and pressure cook- 
er test for the same type of products as of endurance tests. 
Table 4 shows the results of mechanical tests for repre- 
sentative products of various package types. 



Table 2 ENDURANCE TEST RESULTS 





Test 


Steady-State Operation Life 


High Temperature Storage Life 




Test Condition 


T a = 


T oprmax> V C c^V C c 


nax 


T a =150°C 


Application^^ 


Type Number \ 


Number of Samples 


Device Hours 


Number of Failures 


Number of Samples 


Device Hours 


Number of Failures 




M5216P 


22 


22, 000 


0 


22 


22, 000 


0 




M5216L 


22 


22, 000 


0 


22 


22, 000 


0 




M5218P 


66 


66, 000 


0 


44 


44, 000 


0 




M5218L 


66 


66, 000 


0 


44 


44, 000 


0 




M5223P 


44 


44, 000 


0 


22 


22, 000 


0 




M5223L 


44 


44, 000 


0 


22 


22, 000 


0 






22 


22, 000 


0 


22 


44, 000 


0 






44 


44, 000 


0 


22 


44, 000 


0 






22 


/no c\r\c\ 

22, 000 


0 


22 


22, 000 


0 




IVI \J£.\J\J L_ 


oo 


oo nnn 
UUU 


U 


22 


22,000 


0 




M5210P 


AA 


aa nnn 


u 


22 


22, 000 


0 


Operational 
Amplifier 


M5210L 


OO 


oo nnn 

£<L, UUU 


u 


22 


22, 000 


0 


M5219P 


44 


44 nnn 

HH t UUU 


o 


44 


44, 000 


0 


M5219L 


44 


44, 000 


o 


22 


oo nnn 
UUU 


u 




M5220P 


22 


22, 000 


o 


22 


22 000 


o 




M5220L 


22 


22, 000 


0 


22 


22 000 


o 




M5221P 


22 


22, 000 


0 


22 


22, 000 


0 




M5221L 


22 


22, 000 


0 


22 


22, 000 


o 




M5238P 


22 


22, 000 


0 


22 


22, 000 


0 




M5238L 


22 


22, 000 


0 


22 


22, 000 


0 




M5240P 


22 


22, 000 


0 


22 


22, 000 


0 




M5201P 


22 


22, 000 


0 


22 


22, 000 


0 




M5201L 


22 


22, 000 


0 


22 


22, 000 


0 




M51802P 


48 


48, 000 


0 


50 


50, 000 


0 




M51802L 


48 


48, 000 


0 


50 


50, 000 


0 




M5233P 


44 


44,000 ' 


0 


44 


44, 000 


0 


Voltage 
Comparator 


M5233L 


44 


44, 000 


0 


22 


22, 000 


0 


M5234P 


22 


22, 000 


0 


22 


22,000 


0 


M51204TL 


66 


132, 000 


0 


50 


50, 000 


0 




M51209P 


22 


22, 000 


0 


22 


22, 000 


0 


Timer 


M51848P 


70 


158, 000 


0 


22 


22, 000 


0 


M51848L 


70 


158, 000 


0 


22 


22, 000 


0 


Motor 


M51970L 


22 


22, 000 


0 


22 


22, 000 


0 


Driver 


M54543L 


44 


88, 000 


0 


22 


44, 000 


0 




M5230L 


66 


66, 000 


0 , 


44 


44, 000 


0 


Voltage 


M5231TL 


40 


40, 000 


0 


22 


22, 000 


0 


Regulator 


M5236L 


44 


44, 000 


0 


22 


22, 000 


0 




M5278L 


44 


44, 000 


0 


44 


44, 000 


0 


Transistor 


M54519P 


40 


40, 000 


0 


44 


44, 000 


0 


Array 


M54523P 


44 


88, 000 


0 


22 


44, 000 


0 


LED Level 


M51903L 


22 


22, 000 


0 


22 


22, 000 


0 


Indicator 


M51906P 


22 


22, 000 


0 


22 


22, 000 


0 


Voltage 


M5222P 


22 


22, 000 


0 


22 


22, 000 


0 


Control 


M5222L 


22 


22, 000 


0 


22 


22, 000 


0 


Amplifier 


M5241L 


22 


22, 000 


0 


22 


22, 000 


0 


Voltage 
Detector 


M5232L 


22 


22, 000 


0 


22 


22, 000 


0 
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Table 3 ENVIRONMENTAL TEST RESULTS 





-~-~^Test 


Soldering Heat 
Thermal Shock 
Temperature Cycling 


High Temperature/High Humidity 


Pressure Cooker 




\\^Condition 


260°C, 10sec 
-55°C, 125°C, 15cycles 


85°C, 85% 


1 0OOhours 


121°C,100%RH 240hours 




Type ^v^"^ 


-65°C, 150°C, 100cycles 










Application \. 


Number 


Number of Samples 


Number of Failures 


Number of Samples 


Number of Failures 


Number of Samples 


Number of Failures 




M5216P 


22 


0 


22 


0 


22 


0 




M5216L 


22 


0 


22 


0 


22 


0 




M5218P 


44 


0 


66 


0 


44 


0 




M5218L 


44 


0 


44 


0 


-44 


0 




M5223P 


22 


0 


22 


0 


22 


0 




M5223L 


22 


0 


22 


0 


22 


0 




M5224P 


22 


0 


22 


0 


22 


0 




M5228P 


22 


0 


22 


0 


22 


0 




M5209P 


22 


0 


22 


0 


22 


0 




M5209L 


22 


0 


22 


0 


22 


0 




M5210P 


22 


0 


22 


0 


22 


0 


Operational 
Amplifier 


M5210L 
M5219P 


CM CM 
CM CM 


0 
0 


22 
44 


0 
0 


22 
22 


0 
0 


M5219L 


OO 


0 


22 


0 


22 


0 




M5220P 


22 


0 


22 


0 


22 


0 




M5220L 


22 


0 


22 


0 


22 


0 




M5221P 


22 


0 


22 


0 


22 


0 




M5221 L 


22 


0 


22 


0 


22 


0 




Mo^ooP 


22 


0 


22 


0 


22 


0 




IVIO^OOI- 


22 


0 


22 


0 


22 


0 




IVIO<fc*IUr 


22 


0 


22 


0 


22 


0 




M5201 P 


22 


0 


22 


0 


22 


0 




M5201L 


22 


0 


22 


0 


22 


0 




M51802P 


22 


0 


44 


0 


oo 

C.C. 


u 




M51802L 


22 


o 


44 


0 


22 


o 




M5233P 


44 


0 


44 


0 


00 


n 


Voltage 
Comparator 


M5233L 


22 


Q 


22 


0 


22 


o 


M5234P 
M51204TL 


22 
22 


n 

o 


22 
44 


o 
o 


22 
22 


o 
o 




M51209P 


22 


0 


22 


o 


22 


o 


Timer 


M51848P 


22 


0 


AA 


u 


22 


0 


M51848L 


22 


0 


44 


o 


22 


0 


Motor 


M51970L 


22 


0 


22 


o 


22 


0 


Driver 


M54543L 


22 


0 


44 


0 


22 


0 




M5230L 


44 


0 


44 


0 


22 


0 


Voltage 


M5231TL 


22 


0 


40 


0 


22 


0 


Regulator 


M5236L 


22 


0 


22 


0 


22 


0 




M5278L 


22 


0 


44 


0 


22 


0 


Transistor 


M54519P 


22 


0 


22 


0 


22 


0 


Array 


M54523P 


22 


0 


44 


0 


22 


0 


LED Level 


M51903L 


22 


0 


22 


0 


22 


0 


Indicator 


M51906P 


22 


0 


22 


0 


22 


0 


Voltage 


M5222P 


22 


0 


22 


0 


22 


0 


Control 


M5222L 


22 


0 


22 


0 


22 


0 


Amplifier 


M5241 L 


22 


0 


22 


0 


22 


0 


Voltage 


M5232L 


22 


0 


44 


0 


22 


0 
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Table 4 MECHANICAL TEST RESULTS 















Shock 






Solderability 


Lead Fatigue 


Vibration 














Constant Acceleration 


Package \/\ 


\^ Condition 


See Table 1 


See Table 1 


See Table 1 


Pin Count 


Type Number^\^ 


Number of Samples 


Number of Failures 


Number of Samples 


Number of Failures 


Number of Samples 


Number of Failures 


5P5 


M51204TL 


22 


0 


15 


0 


22 


0 


8P4 


M5218P 


44 


o " 


15 


0 


0 


0 


M51802P 


22 


0 


15 


0 


22 




8P5 


M5218L 


44 


0 


15 


0 


0 1 


0 


M51848L 


22 


0 


15 


0 


22 




9P9 


M54543L 


22 


0 


15 


0 


22 


0 


10P5 


M5241L 


22 


0 


15 


0 


0 




14P4 


M5224P 


44 


0 


15 


0 


0 


0 


M51906P 


22 


0 


15 


0 


22 




16P4 


M5240P 


44 


0 


15 


0 , 


0 


0 


M54519P 


22 


0 


15 


0 


22 




TO-92L 


M5278L 


44 


0 


15 


0 


22 


0 



4 FAILURE ANALYSIS 

Accelerated reliability tests are applied to observe failures 
casued by temperature, voltage, humidity, current, mecha- 
nical stress and those combined stresses on chips and 
packages. 

Examples of typical failure modes are shown below. 

(1 ) Wire Bonding Failure by Thermal Stress 

Figure 3, Figure 4 and Figure 5 are example of a failure 
occurred by temperature storage test of 225°C , 
"lOOOhours. 




Fig.4 Fig.5 

Au-AI plague formation Lifted Au wire ball base 

on bonding pad 



Au-AI intermetallic formation so-called "Purple plague" 
by thermal overstress makes Au wire lift off from alumi- 
num metallization. The activation energy of this failure 
mode is estimated approximately 1.0eV and no failure 
has been observed so far in practical uses. 
(2) Aluminum Corrosion Failure by Temperature/Humidity 
Stress. 

Figure 6, Figure 7 and Figure 8 are an example of cor- 
roded failure of aluminum metallization of plastic en- 
capsulated IC after accelerated temperature/humidity 
storage test (pressure cooker test) of 121°C, 100%RH, 
lOOOhours duration. 

Aluminum bonding pad is dissolved by penetrated wa- 
ter from plastic package, and chlorine concentration is 
observed on corroded aluminum bonding pad as shown 
in Figure 8. 




Fig.6 

Micrograph of corroded 
Aluminum metallization 
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Fig.7 
Enlarged 
micrograph 
of corroded 
Aluminum 
bonding pad 



(4) 



Fig.8 
CI 

distribution 
on corroded 
Aluminum 
bonding pad 



(3) Destructive Failure by Electrical Overstress 

Surge voltage marginal tests have been performed to 
reproduce the electrical overstress failure in field uses. 
Figure 9 and Figure 10 are an example of failure 
observed, by surge voltage test. The trace of destruc- 
tion is verified as the aluminum bridge by X ray micro 
analysis. 



rig.9 

Micrograph of surge 
voltage destruction 




Fig.10 

Aluminum trace 
of destructive spot 



Aluminum Electromig ration 

Figure 11 shows an open circuit of aluminum metalliza- 
tion in high current density region caused by acceler- 
ated operation life test. This failure is due to aluminum 
electromig rati on. Voids and hillock have been formed 
in aluminum metallization by high current density op- 
eration. 

Fig.11 
Voids and 
hillocks 
formation 
by Aluminum 
electromigration 



1 / 



5 SUMMARY 

The Mitsubishi quality assurance system and examples of 
reliability control have been discussed. Customer's interest 
and requirement for high reliable IC & LSI are increasing 
significantly. To satisfy customer's expectancy. Mitsubishi 
as an IC vendor, would like to make perpetual efforts in the 
following areas. 

(1) Emphasis on built-in reliability at design stage and re- 
liability evaluation to investigate latent failure modes 
and acceleration factors. 

(2) Execution of periodical endurance, environment and 
mechanical test to verify reliability target and realize 
higher reliability. 

(3) Focus on development of advanced failure analysis 
techniques. Detail failure analysis, intensive corrective 
action, and quick response to customer's analysis re- 
quest. 

(4) Collection of customer's quality data in qualification, in- 
coming inspection, production and field use to improve 
PPM, fraction defective and FIT, failure rate. 

Mitsubishi would highly appreciate if the customer would 
provide quality and reliability data of incoming inspection or 
field failure rate essential to verify and improve the quality/ 
reliability of IC & LSI. 




A MITSUBISHI 
ELECTRIC 



1-19 



MITSUBISHI GENERAL PURPOSE ICs 

PACKAGE OUTLINES 



TYPE 3P5 3-PIN MOLDED PLASTIC SIP Dimension in mm 



4. 3MAX 



00. 45 



_£) (1 I) 



1.25H 



3. 35 



1.25 



\(D ® 



TYPE SOT-89L 3-PIN TRANSISTOR 



Dimension in mm 



4.5±0. 1 



ooZ 
°5 



1.5±0.1 



1 CO. 2 



2L 



-0- 



1.5±0. 1 
0.4±0. 07 



-W- 



0.5±0. 07 



® 



1.5±0. 1 
0.4±0. 07 



0.4 



+ 0. 03 
-0. 05 
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PACKAGE OUTLINES 



TYPE TO-92L 3-PIN TRANSISTOR 



Dimension in mm 



05.1MAX 





TYPE 5P5 5-PIN MOLDED PLASTIC SIP 



Dimension in mm 



-0.2 



,1.6 + 0.2 



o 



® 



TT 



m cvi 
d d 

+ I 



°5 



0.5±0.1 



-0.1 



1.97±0.2 



0.7±0.1 
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PACKAGE OUTLINES 



TYPE 8P2S 8-PIN MOLDED PLASTIC MINI FLAT Dimension in mm 



0.4±0. 1 



0. 395 



5±0. 3 



1.27 



©I 



1.27X3 = 3.81 



0. 395 



< irLnnj) . 




TYPE 8P4 8-PIN MOLDED PLASTIC DIP 



Dimension in mm 



,+0.5 



""-0.2 

<D ■ (D 

jn m m n 




f o 


6.3±0.15 



0 



(3) 



v 

0.5±0.1 



1 5 + 0 - 3 
^ -0.1 

2.54 + 0.25 



TO 



, +0.3 
1 -0.1 



0.27 



+ 0.07 
^0.05 



7.6-10 
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PACKAGE OUTLINES 



TYPE 8P5 8-PIN MOLDED PLASTIC SIP 



.+0.5 



0 5+0. 1 < 



Dimension in mm 



TYPE 9P9 9-PIN MOLDED PLASTIC SIP 



+ 0.5 
0.2 



22.86 



03. 4 n 



16.0±0. 1 



tn cvj 
o o 

+ I 



0.6 + 0.1 



Dimension in mm 



0.8 + 0.1 



3.5+0.1 
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MITSUBISHI GENERAL PURPOSE ICs 

PACKAGE OUTLINES 



TYPE 10P2 10-PIN MOLDED PLASTIC FLAT 



©u 



0. 45 



+ 0.3 



1.27±0.25 



Dimension in mm 



do 
+ I 



0. 15±0. 07 



K i+0.5 
6,1 -0.2 



TYPE 10P2-C 10-PIN MOLDED PLASTIC FLAT 



Dimension in mm 



o 



© 

1.27 + 0.1 



nnr 



0.45 ±0.1 







* U U U U U i 

6.13±0.3 


8 ±0.2 


MAX 2 



5.3+0.3 



0.5 + 0.2 



8.12±0.3 
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PACKAGE OUTLINES 



TYPE 10P5 10-PIN MOLDED PLASTIC SIP 



Dimension in mm 




h0.07 



TYPE 12P5 12-PIN MOLDED PLASTIC SIP 



Dimension in mm 



30.31 



+0.5 
-0.2 




-0. 5±0. 1 



-1.2 



+0.3 
-0.1 



0. 25. 



2.8±0.2 



+0.1 
-0. 05 



.2+0.1 
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MITSUBISHI GENERAL PURPOSE ICs 

PACKAGE OUTLINES 



TYPE 12P9 12-PIN MOLDED PLASTIC SIP 



Dimension in mm 



03.4 Q 



a + 0.5 
B -0.2 



Co o « 



© 

2.54±0,25 



TTSTJ 



0.6 + 0.1 



0.6 + 0.1 



0.8±0.1 



TYPE 12P9B 12-PIN MOLDED PLASTIC SIP 



Dimension in mm 



I \ / / 




1-26 



A MITSUBISHI 
ELECTRIC 



MITSUBISHI GENERAL PURPOSE ICs 

PACKAGE OUTLINES 



TYPE 14P2 14-PIN MOLDED PLASTIC FLAT 



Dimension in mm 



o 



0. 45±0.1 



1.27±0. 25 



9.4±0.2 







\ i 


===== 




d d 








+ I 
in 


5.3±0.2 






d 








15.3±0.3 



TYPE 14P2-C 14-PIN MOLDED PLASTIC FLAT 



Dimension in mm 



H H H H H H H' 



o 



1.27 ±0.1 



ffTW 



4- 



^ ^ OK, AS, 0.154 0.05 



Zi 0.5 ±0.2 



8 12 ±0.3 
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MITSUBISHI GENERAL PURPOSE ICs 

PACKAGE OUTLINES 



TYPE 14P2S 14-PIN MOLDED PLASTIC MINI FLAT 



Dimension in mm 



0. 395 



©I 



- -Pf~- -1 
a ft ft R H®R 



ffflTP 



0. 395 



1.27X6 = 7. 62 



( 



/ 



0.2 




TYPE 14P4 14-PIN MOLDED PLASTIC DIP 



Dimension in mm 



D 



-0.2 



u 




/ V 




j 










2.54±0.25 



o 




0 5MIN 



0.5±0. 1 
1 5 -0.1 



7.62±0.3 



, + 0.07 
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PACKAGE OUTLINES 



TYPE 14P5A 14-PIN MOLDED PLASTIC ZIP 



Dimension in mm 




(n u n u n u n u n u n u n u) 



2 8±0 2 



un cm 
o o 

+ 



05 



1.2±0 1 



I U 0 27 + 



0 07 
0 05 



1 2±0.2 



2.55±0 3 



TYPE 16P2-B 16PIN MOLDED PLASTIC FLAT 



PHFIRRRRH 



o 



STTBTff 



® 



HI 



1.27±0. 25 



0. 45 



-1-0.3 



K0.5 
-0.2 



innnr 



Dimension in mm 



j 



0.6±0.2 0.6±0.2 
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PACKAGE OUTLINES 



TYPE 16P2-C 16-PIN MOLDED PLASTIC FLAT 











0 




0 






j[ 




0.45±0.1 






1 .27±0.2 



iHHHI — IHHI — 1 D 




9.4+0.2 


0.8±0.1 


.75+0.1 



oo 

+ 1 



Dimension in mm 



Jr. 



5.3±0.2 



0.5+0.2 



8.12+0.3 



TYPE 16P4 16-PIN MOLDED PLASTIC DIP 



-0 2 

© (D 

_n_..m j i i — i i — i i — i i — i ■ — i 




b 






in 




o 


o 
+1 

CO 
(£> 



I II II I u 



1» 



\J 

2 54 ±0 25 



3MIN 



Dimension in mm 



7 62±0 3. 



-0 05 



7^6-10 
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PACKAGE OUTLINES 



TYPE 18P4 18-PIN MOLDED PLASTIC DIP 



Dimension in mm 



b 



o 



® 



1.5" 



2.54+0.25 



\ J 



0.27 



-1-0.07 
-0.05 



7.6-10 



TYPE 20P4 20-PIN MOLDED PLASTIC DIP 



Dimension in mm 



-0.2 



o 



u u u u u 



uuuuu 



AAAfl 



2.54±0 25 



0 5±0.1 



.« c +0.3 . +0.3 
L -0 1 1 -0.1 



3 MIN 



7.62 + 0.3 



n ?7 + 0 07 
0 27 -0.05 
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PACKAGE OUTLINES 



TYPE 22P4 22-PIN MOLDED PLASTIC DIP 



Dimension in mm 



-0.5 
-0.2 



nnrnrnr-ir-i f-irnrnrnn 



O 



o 



UUUUUUUUUUU 

© ' <Q> 



mm 



I 




0.5MIN 



0.5±0. 1 



10. 16 + 0.3 



-0.07 



TYPE 24P2T-C 24-PIN MOLDED PLASTIC FLAT 



Dimension in mm 



HHHRHHRRRRH 



o 



iimn 





1. 75: 











o o 
d d 
+ I 



5.3±0.2 



85 
d2 
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PACKAGE OUTLINES 



TYPE 24P2W 24-PIN MOLDED PLASTIC FLAT 

<8> © 



Dimension in mm 



.HHRRfiHRRRRRH. 


O 

o 


CM 

© 
+l 

00 




luyuutju 

1.27±0.2 


^0.4±0. 1 



15±0.2 



0.5±0.2 



2d 



11.93±0.3 



o o 
+ I 



TYPE 28P4B 28-PIN MOLDED PLASTIC DIP(LEAD PITCH 1.778mm) Dimension in mn 



28 



+0.5 
-0.2 



<8> 

nnnnnnnnnnnnnn 



O 



O 



IUUUUUUUUUUUUU 

© (3> 





1.778±0. 25 



0.5MIN 



5. 5 MAX 
2. 8MIN 



i€3E± 



,+0.3 
'-0.1 



7 + 0. 07 



0. 27 



+ 0. 07 
-0. 05 
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PACKAGE OUTLINES 



TYPE 30P4B 30-PIN MOLDED PLASTIC DIP(SHRINK) 



Dimension in mm 



- 28 -0.2 




@> 

_. a r~i. nnnnnnnn 


n n n n n 




}° 


O 


8.9 + 0. 15 



1.778 + 0.25 



0.5 + 0.1 




5.5MAX 



2.8MIN 



,+0.3 



10. 16 + 0.3 



rrr 



-0.05 



TYPE 32P4B 32-PIN MOLDED PLASTIC DIP (SHRINK) 



Dimension in mm 



28^ 



nnnnnnnnnnnnnnnn 



o 



o 



^UUUUUUUUUUUUUUULT 




2.8MIN 



10-14 



1-34 
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PACKAGE OUTLINES 



TYPE 32P4B-A 32-PIN PLASTIC DIP(SHRINK) 



Dimension in mm 



, n n n n n n nm n=n n n n n n n, 



o 



o 



' U U UU U U I u I Li=U U U U U U U 

Q + 0.5 
-0.2 



28 n 



IT 



0 



1.78±0. 25 




0.5±0. 1 



,+0.3 
'-0.1 



7 +0. 07 



10.16±0.3 



TYPE 36P2R-A 32-PIN MOLDED PLASTIC FLAT 



Dimension in mm 



nnnnnnnnnnnnnnnn 



<8> 



o 



o 



0 



0. 4±0. 1 



<8> 

0>8±0.15 





/ '- J ■ \ 




o 


ililililililililililililililililililr/ 




- +1 
eg 


15±0.2 


0. 85±0.1 









0. 5±0. 2 



MIN 0. 05 



11.93±0.3 



oo 
+ I 
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PACKAGE OUTLINES 



TYPE 60P6-B 60-PIN MOLDED PLASTIC FLAT 



Dimension in mm 



■HI 



o 



o 



®UuL 



o 



<g> +1 



13.2±0.2 



1.3±0.2 



13.2±0.2 



19. 8 ±0.3 



1.5±0.2 
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Maximum Ratings 


Electrical Characteristics (Typical characteristics) 






Applicatu 


Type No 


Circuit Function 


Features 


Operating supply 
voltage range 

V CC 
(V) 


Load 
current 

II 
(mA) 


Allowable power 
dissipation 

Pd 
(mW) 


Circuit 
current 
Ice 
(mA) 


Input offset 
voltage 
V,o 

(mV) 


Input bias 
current 

Ib 
(nA) 


Slew 
rate 
SR 

(V//I8) 


Gain bandwidth 
product 
fx 
(MHz) 


Input-referred 
noise voltage 

V N . 

( //Vrms) 


Package 
Outline 


Inter- 
changeable 
products 




M51802 


Single with offset 
adjusting pin 


• No latch-up 

• Built-in protection circuit 
against output short circuit 

• Easy offset adjustment 


±2~±18 


- 


360(L) 
625(P) 


1.7 


1 


150 


0.3 


0.7 


- 


L: 8-pin P. 8-pin 
SIP DIP 


741 


CD 


M5216 


Dual large-current 

(Headphone 

amplifier) 


A 1 orrio- irront hinh /~m itr~\i it 
W Ldiyt; OUIltMIl, lllyil UUIJJUI 

• High-speed 


±2~±18 


±100 


(L)(P)(FP) 

800/625/440 


4.5 


0.5 


180 


3.0 


10 


1.8 
fR s =1kQ \ 
\ Flat / 


L- 8-pin SIP 


4556 


l-purpoj 


M5R4558P 


Diial Inw-nniQP 

L/Uai Iv/W 1 1 V-/I OC 

general-purpose 


• Large-current 

• High-speed 


±2~±18 


±50 


800/625/440 


3.0 


0.5 


100 


2.2 


7 


2.0 
[ R s =1kQ \ 
V Flat / 


P: 8-pin DIP 


4557 
4558 
4559 


Genera 


M5223/ 
M5N358P 


Dual cinnlf* nrtw^r 

L/Uai oil 1 y 1 C yj KJvv C 1 

supply 


• Both input and output pins 
can be operated from OV 
(GND) 

• High voltage 

• Low power dissipation 


3—36 


±50 


800/625/440 


0.7 


2.0 


30 


0.6 


1 




FP- 8-pin 
mini FLAT 


358 
2904 




M5224/ 
M5N324P 


Quad single power 
supply 


3—36 


±50 


700/550 


1.2 


2.0 


30 


0.6 


1 


- 


P,14-pin^^k 


324 
2902 




★ 

M5228 


wudU IUW 1 1 \Ji o t? 

general-purpose 


• High-speed 


±2~±18 


±50 


700/550 


6.0 


0.5 


100 


2.2 


7 


2.0 

/R s =ikcn 

V Flat / 


FP- 14-pin 


4136 
6554 
4741 




* 

M5209 


1 1 o 1 hirt-H \A/ithctanH 
UUdl lllyil Will loldl l\J 

voltage 


A Hinh u/ithctanrl i/Altano \/ „ ~ = t" 9R\/ 
w niyii wiuioidiiu vuiiaye »qq — _L£jv 

• Low-noise, high-speed 


±2~±25 


±50 


800/625/440 


3.5 


0.5 


300 


6.5 


20 


( R F ?i i22kQ ) 


L- 8-pin SIP 


4562 


0 
CO 

0 
r- 


* 

M5210 


r\, 10 | hinh Q/M 

uuai nign o/ in 
(microphone amplifier) 


• High withstangd voltage Vcc = i^5V 

• Low noise, high-speed 


±2~±25 


±50 


800/625/440 


4.0 


0.5 


700 


6.5 


20 




P: 8-pin DIP 


2043 


Low-i 


M5219 


Dual 77dB S/N 


A 1 rt\A# nnico hinh— chopH 

• High withstand voltage V CC =±25V 


±2- ±25 


±50 


800/625/440 


3.5 


0.5 


300 


6.5 


20 


0.9 
/R g =2.2kO\ 
\ Rl AA / 


FP- 8-pin 


4562 




M5220 


Dual 83dB S/N 


A 1 r\\Af nnicp hinh cnppH 

• High withstand voltage V CC =±25V 


±2~±25 


±50 


800/625/440 


4.0 


0.5 


700 


6.5 


20 


0. 75 
/R g =2.2kQ\ 
\ RIAA / 


mini FLAT 


2043 




M5221 / 
M5T082P 


Dual general-purpose 


• High input impedance 
(1000MQ) 

• High-speed 


±5~±18 


±50 


800/625/440 


3.0 


5.0 


30PA 


13 


3 


2.2 
/R s =100kQ \ 
VFIat / 


L " 8 " pin 
<5IP 

DIP M 
FP 8-pin 
mini ^^Bfc 
FLAT 


072 
082 


Bi-FET 


★ 

M5238 


Dual 73dB S/N 


• Low noise, high-speed 

• High input impedance 
(1000MQ) 


±5~±18 


±50 


800/625/440 


4.5 


5.0 


30 PA 


20 


6 


1.6 
/R g =2.2kQ\ 
\ RIAA / 






* 

M5240P 


Dual 82dB S/N 


• Low noise, high-speed 

• External phase compensation pin 


±5~±18 


±50 


1000 


10 


10.0 


200 PA 


40 


18 


0.9 
/R g =2.2kQ\ 
V RIAA / 




- 


Complex 


★ 

M5201 


Dual input switching 
( general-purpose 
switching operational 
amplifier) 


• Operational amplifier equiva- 
lent to the M5218 is built-in 

• Gam can be set independently 

• Small switching shock noise 


±2.5 
~±18 


±50 


800/625/440 


2.3 


0.5 


100 


2.2 


7 


2.0 
/R s =1kQ\ 
\ Flat / 


L- 8-pm^^^fck 

P- 8- in^^ 
DIP Pm Wl 
FP: 8-pin J_ P 
mini jrf^fefc 
FLAT 





New product 



INTERCHANGEABLE PRODUCTS OF OPERATIONAL AMPLIFIERS 



2. C 
Q.2 


Mitsubishi 


Interchangeable products of other manufacturers 


< o 


Circuit function 


Type No. 


JRC 


NEC 


Matsushita 


Toshiba 


Hitachi 


Tokyo Sanyo 


ROHm 


Tl 


NSS 


FC 


MOTO 






M5216L 


NJM4556S(9L) 
























Dual large-current 
operational ampli- 


M5216P 


NJM4556D 


^ PC4556C 






















fier 


* 

M5216FP 


NJM4556M 


//PC4556G 
























M5218L 


NJM4558S(9L) 
NJM4559S(9L) 




AN655K9L) 
AN6555(9L) 


TA75557S(9L) 
TA75.558S(9L) 
TA75559S(9L) 




LA6458S(9L) 


BA715(9L) 












Dual general-pur- 
pose low-noise 


M5218P 
M5R4558P 


NJM4558D 
NJM4559D 


/.PC4557C 
a PC4558C 
^PC4559C 


AN4558 
AN6552 
AN6553, 6556 


TA75557P 
TA75558P 
TA75559P 


(HA17458) 


LA6458D 


BA4558 


TL4558P 
RM4558 
RC4558 




//A4558 
//A4558TC 


(MC1458) 




operational ampli- 
fier 


* 

M5218FP 


NJM4558M 
NJM4559M 


//PC4558G 


AN4558S 
AN6553S 
AN6556S 


TA75558F 
TA75559F 




LA6458M 


BA4558F 










Dlifier 


Dual low-noise 


M5219L 


NJM4562S(9L) 
NJM4560S(9L) 


yu PC1224(8L) 




















rial amf 


operational ampli- 
fier 


M5219P 


NJM4562D 
NJM4560D 
















LM833 






peratioi 


Dual low-noise 


M5220L 


NJM2041S(9L) 
NJM2043S(9L) 




AN6557(9L) 


















0 


operational ampli- 
fier 


M5220P 


NJM2041D 
NJM2043D 




AN6558 












LM833 










M5221 L 


NJM072S(9L) 
NJM082S(9L) 




AN6581 




















Dual J-FET input 
operational ampli- 


M5221 P 
M5T082P 


NJM072D 
NJM082D 


fit PC803C 
fx PC4082C 


AN1082 




HA17082 




BA082 


TL072 
TL082 


LF353 








fier 


* 

M5221 FP 


NJM072M 
NJM082M 


^ PC4082G 


AN1082S 






















M5223L 


NJM2904S(9L) 




AN656K9L) 






LA6358S(9L) 


BA718(9L) 












Dual single power 
supply operational 


M5223P 
M5N358P 


NJM2904D 


fx PC358C 
^/PC1251C 


AN 1358 
AN6562 


TA75358P 


HA17904PS 


LA6358 


BA728 
BA10358 


LM358P 


LM358 


LM358 
LM2904 


MLM358 




amplifier 


* 

M5223FP 


NJM2904M 


fx PC358G 


AN1358S 


TA75358F 






BA728F 
BA10358F 











L. SIP (8-pin), P: DIP(8-pin), (9L): SIP(9-pin), FP- mini FLAT (8-, 14-pin) 
if : New product 



INTERCHANGEABLE PRODUCTS OF OPERATIONAL AMPLIFIERS (CONTINUED) 



Appli- 
cation 


Mitsubishi 


Interchangeable products of other manufacturers 


Circuit function 


Type No. 


JRC 


NEC 


Matsushita 


Toshiba 


Hitachi 


Tokyo Sanyo 


ROHm 


Tl 


NSS 


FC 


MOTO 


Operational amplifier 


Quad single 
power supply 
operational 
amplifier 


M5224P 
M5N324P 


NJM2902D 


^PC324 
fx PC451 C 


AN 1324 
AN6564 


TA75902P 
TA75324P 


HA17902PS 


LA6324 


BA10324 


LM2902 
LM324N 


LM324 
LM2902 


/M324 
//A2902 


MLM2902 


M5224FP 


NJM2902M 


^PC324G 


AN1324NS 


TA75902F 




LA6324M 


BA10324F 










Quad 

low- noise 

operational 

amplifier 


M5228P 


NJM2058 
NJM2059 


^ PC4741 


AN6554 








BA14741 


RC4136 




//A4136 




M5228FP 


NJM2058M 
NJM2059M 


//PC4741G 


AN6554NS 


















Dual J-FET input, 
low-noise 
operational 
amplifiers 


* 

M5238L 
























* 

M5238P 
























Dual J-FET input, HighS/N 
operational amplifier 


M5240P 
























Dual input switching 
general-purpose 
operational amplifier 


* 

M5201 L 
























* 

M5201 P 

























L: SIP (8-pin), P: DIP (8-pin), (9L): SIP (9-pin), FP: mini FLAT (8-, 14-pins) 



-A: New product 



MITSUBISHI LINEAR IMS 

HOW TO CHOOSE OPERATIONAL AMPLIFIERS 



How to choose operational amplifiers 

Choose operational amplifiers according to the following 
categories of usage. 

• By basic circuit configuration of operational amplifiers 

(1) Dual power supply operational amplifiers 
M5218/M5R4558P, M5219, M5220... 

(2) Single power supply operational amplifier 
M5223/M5N358P, M5224P/M5N324P 

© By functional type of operational amplifiers 

(1) High voltage operational amplifiers 

M5209, M5219, M5210, M5220 (V C c=~±25V) 

(2) Low-noise operational amplifiers 
M5219, M5220, M5240 (S/N=77~83dB) 

(3) High-speed operational amplifiers 
M5209, M5210, M5219, M5220, 
M5221/M5T082P, M5238 

(SR=6.5~13V///s) 

(4) Large-current operational amplifiers 
M5216 (l LP =±100mA) 

(5) High input impedance operational amplifiers 
M5221/M5T082P, M5238 

(Bi-FET operational amplifier Rj=1000MQ ) 
Method of choosing operational amplifiers according 
to the features of each type shown above is explained in 
the following. 

1. Dual power supply and single power supply 
operational amplifiers 

A dual power supply operational amplifier is one of the 
most popular operational amplifiers, represented by old 
types 709 or 741 or the more recent type 4558 
(Mitsubishi's M5218/M5R4558P) and is usually used at 
a supply voltage of V CC ±15V. As shown in Fig. 1, tow 
power supplies of positive and negative voltages are 
applied to GND, and the device is used mainly at near 
GND level. In this case, V x and V Y are residual voltage, 
generated inside an operational amplifier. Fig. 2 shows 
the relationship between the input and output of ampli- 
fiers, and voltage gain A v , i.e., ratio of output V Q against 
input Vj, is determined by ratio of externally connected 
resistors R2/R1. On the other hand a single power supp- 
ly operational amplifier is used by applying a single 
power supply and amplification operation for GND level 
input is made possible. As shown in Fig. 3, the signal 
can be activated up to GND level. 

Residual voltage V x of +V C c is generated as in dual 
power supply type operational amplifiers. Fig. 4 shows 
the input and output characteristics. (Refer to operation- 
al logic in the indevidual data of M5223/M5N358P, 
M5224/M5N324P for details.) 

Care must be taken with a single power supply oper- 
ational amplifier that only a single power supply is ap- 
plied. The" output DC bias level is not determined auto- 
matically and an operational amplifier is activated only 
to GND level. It operates in the same way as a dual 
power supply operational amplifier operates within the 



activated range. To sum up, basic DC output levels for 
both types of amplifiers must be determined by the vol- 
tage of non-inverted input (+ input). In other words, a 
single power supply operational amplifier can be used 
with level-shifted voltages just as a dual operational 
amplifier used GND level as its basic DC level. 



GND 





Fig. 3 



> GND 

w 





X Vcc 








.^-Operation up to Vj=GND 


r > 


level possible 


I 


v, 




Fig. 4 
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2. High voltage operational amplifiers 

Ordinary amplifiers accept maximum supply voltage of 
Vcc-M8V and are usually used at V C c±15V, but, V C c± 
20V or above is used for audio amplifiers for a wider 
dynamic range. Mitsubishi has a variety of products for 
the M52XX series of operational amplifiers such as the 
M5209, M5210, M5220, which garantee maximum supply 
voltage of V C c±25V suitable for audio preamplifiers. 

3. Low-noise operational amplifiers 

To satisfy low-noise specifications required in audio 
equipment, the M52XX series includes the M5209, 
M5210, M5219 and M5220. The M5209 and M5210 are 
suitable for high S/N microphone or line amplifiers. The 
M5219 and M5220 have suppressed 1/f noise, 
pulse-related noise and low-wave noise and are suit- 
able for EQ amplifiers of stereo equipment and tape 
decks. The M5238, M5240 are low-noise Bi-FET oper- 
ational amplifiers. 

4. High-speed operational amplifiers 

The M52XX series includes the M5209, M5210, M5219 
and M5220, which have characteristics of high-speed as 
well as high-voltage and low-noise, and SR = 6.5V///s 
typ. The SR stands for slew rate and is a parameter to 
indicate high speed in an amplifier and is related to 
high frequency distortion such as 20kHz in processing 
fast-rising signals and in audio circuits. 

Gain bandwidth product f T is also a high-frequency 
parameter of an operational amplifier as well as slew 
rate SR. This parameter indicates the limit of amplifica- 
tion capacity of an operational amplifier in small signal 
and indicates the frequency at which voltage gain is 1 
(G v =: 0). It is an important parameter for determining 
the gain and frequency characteristics of an operational 
amplifier. For example, when an amplifier of G v == 40dB 
is designed, the M5209 of f T = 20MHz becomes an 
amplifier with a bandwidth of 200kHz and the 
M5218/M5R4558P becomes an amplifier with a band- 
width of 70kHz. Choose the most suitable operational 
amplifier according to usage. 



Gvo 








M5209, 


M5219 




-^~M5210, 


M5220 


M5218/-~^\^ 






M5R4558P \ 






G v =40dB 




7MHz 
/20MHz 




I rv\ 
I i NT 



FREQUENCY f (Hz)\ \ 

I 200kHz 
70kHz 

Fig. 5 



5. Large-current operational amplifier 

The M5216 is a large-current operational amplifier with 
load current l LP =± 100mA and is suitable for applica- 
tions that require large-current, for example, for head- 
phone drive, relay circuit or LED. 

6. High input impedance operational amplifier 

The M5221/M5T082P, M5238 Bi-FET operational ampli- 
fiers are high input impedance operational amplifiers, 
and have characteristic of input impedance Rj = 1000 
MQ typ. The device is suitable for application that is re- 
lated to high input impedance, such as sample-hold cir- 
cuit or various types of filters. 
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■ Test method of operational amplifiers 
(1) Circuit current l C c 



-(J) O+Vcc 

Ice 




6 -Vcc 

* If output pin current is maintained at 0 and in quies- 
cent state, the circuit needs not be a voltage follower 
as shown above. 



(4) Common phse input voltage width V C m# common 
phase signal rejection ratio CMR 




O V 0 



(2) Input offset voltage V lo , supply voltage rejection 
ratio SVRR 



9+Vcc 



• V, 0 = 



10k 



Vo 




(V CC ±15V) 



lo ~~ 100 

SVRR= ^C^ ( V orVcc±17.5V) 
V o2 : V cc ± 12.5V 



*SVRR 

Measure change of offset V lo when V C c = =t12.5 and 
±17.5 (where R s =10kQ). 

(3) Input bias current l B , input offset current l| 0 



-fV c 



1MQ 




• V C m DC input voltage when output V 0 becomes 

+ 10V or —10V by applying DC input vol- 
tage to V| N . 

• CMR Measure V G by applying AC input signal 

OdBm to V, N . 

CMR=20log 

1000 

(5) Voltage gain 

Rf 100k 




• G vo =20log A V d 



Rs 
= 10 3 X 



Voi — Vo2~ 
20 



Voi ~~ V 0 2 

2X10 4 



Voi — V02 
Example Voi-V O 2=0.2V-100dB 



* l B : Base current of first stage L-PNP 
• +l 

"V 0 



•"Ib=- 

• lio= I + Ib-"Ib I 



1MQ 

+. 



* Measure DC voltage gain by using NULL amplifier. 
DUT output is maintained at ±10V by varying ( — ) in- 
put of NULL amplifier between +10V and —10V, and 
output V 0 is the DUT input voltage, multiplied by R s + 
Rf/R s times. 
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(6) Maximum output voltage Vqm 



+V C 




O V 0 



* DUT is used in open status without feedback and out- 
put V 0 is measured by applying +1V to an input. In 
this case, the output is saturated when an input is 1V 
as open gain is high. 



(7) Gain bandwidth product f T , voltage gain G v 



* Measure high-speed capacity of DUT by reading on 
an oscilloscope and output pulse response (rising 
speed) by inputting pulse step in a voltage follower 
circuit of 100% feedback. 

(9) Input-referred noise voltage V N , 




/Rf+Rs . 
V N . = V NO / R %V NO • 10-' 



TOOOp 



+V C c lOOOp 




1 000 p Z^ZZ470,t/ 
'777 

• f T : Frequency where G V o = 0dB 



6dB/OCT 




(10) Isource, Isink (Single power supply operational 
amplifier) 




7.5V 



L Ismk 



Isource, lsink = 



50 Q 



1kHz f T 



* Measure frequency characteristics of voltage gain G v 
when a feedback of 100% (1MQ) is applied for DC 
and feedback is open (l000pF//470// ) for AC. The f T 
can be simply obtained by multiplying voltage gian of 
1kHz by frequency. 

(8) Slew rate SR 




777 



2-J 
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INTERNALLY PHASE COMPENSATED OPERATIONAL AMPLIFIERS 



DESCRIPTION 

The M51802L, P are semiconductor integrated circuits de- 
signed for a high-gain, high-stability operational amplifier. 
No phase compensation is required and the devices come 
with offset adjusting pins and are suitable for home use and 
industrial equipment. 

FEATURES 

• Built-in capacitor for phase compensation 

• No latch-up 

• Built-in protection circuit for output short circuit 

• Easy offset adjustment 

APPLICATION 

Amplifier for measuring instrument, DC amplifier, various 
types of operational circuit, comparator, multi-vibrator, and 
oscillator. 

RECOMMENDED OPERATING CONDITIONS 

Supply voltage range V cc (+V), V EE (-V) 4~18V 

Rated supply voltage V cc (+V), V EE (-V) 15V 

APPLICATION EXAMPLES 

An operational amplifier employs feedback and has a varie- 
ty of functions by the configuration of feedback circuits. 
Note (1) shows a method adjusting offset voltage. 



PIN CONFIGURATION (TOP VIEW) 

OFFSET ADJUSTMENT [T 
INVERTED INPUT [T 
NON-INVERTED INPUT [7 

v EE |7 

OFFSET ADJUSTMENT |T 
OUTPUT [7 
Vcc[T 



nc|T 




NC : NO CONNECTION 



OFFSET ADJUSTMENT [T 
INVERTED INPUT [T 
NON-INVERTED INPUT [7 

v EE [7 



2 
Oi 

00 
o 



T]nc 

j]Vcc 

T| OUTPUT 

7] OFFSET ADJUSTMENT 




8-pin molded plastic SIP 




8-pin molded plastic DIP 



EQUIVALENT CIRCUIT 



INVERTED INPUTl 2 J 



NON-INVERTED (\ 
INPUT ;J 



OFFSET OFFSET 
ADJUSTMENT ADJUSTMENT 




I OUTPUT 
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M51802L,P 



INTERNALLY PHASE COMPENSATED OPERATIONAL AMPLIFIERS 



ABSOLUTE MAXIMUM RATINGS (T a =25°C, unless otherwise noted) 



Symbol 


Parameter 


Condinions 


Ratings 


Unit 


V C c 


Supply voltage 




18 


V 


V EE 




-18 


V 


Vid 


Differential input voltage 




±30 


V 


Vic 


Common phase input voltage 




±15 


V 


Pd 


Power dissipation 




360(M51802L)f 


mW 


625(M51802P) 


K e 


Thermal derating 


T a ^25°C 


3.6(M51802L) 


mW/°C 


6. 25(M51802P) 


Topr 


Operating temperature 




-20 — h75 


°C 


Tstg 


Storage temperature 




-40 — H25 


°C 



ELECTRICAL CHARACTERISTICS CT a =25t, v 0 o=+i5v, v EE =-i 5 v) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


V,o 


Input offset voltage 


Rg^lOkf) 




1.0 


5.0 


mV 


I.B 


Input bias current 






150 


500 


nA 


lio 


Input offset current 






30 


200 


nA 


Rin 


Input resistance 


Input frequency f=1 kHz 




1.0 




MCI 


G v 


Voltage gain 


R L ^2kfl, V o =±10V 


86 


100 




dB 


Vopp 


Maximum output voltage width 


R L ^10kn 


±12 


±14 




V 


R L ^2ka 


±10 


±13 




V ic 


Common phase input voltage range 




±12 


±13 




V 


CMRR 


Common phase signal rejection ratio 


Rg^lOkH 


70 


90 




dB 


SVRR 


Supply voltage rejection ratio 


Rg^lOkH 




80 


150 




Pd 


Power dissipation 


R L =oo 




50 


85 


mW 


tr 


Transient response 


Rising time 


V, n =20mV, R L =2kH, C L ^100pF 




- 0.3 




/US 


Kov 


Overshoot 




5.0 




% 


SR 


Slew rate 


R L =2kfl 




0.5 




V/jus 



2—10 
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INTERNALLY PHASE COMPENSATED OPERATIONAL AMPLIFIERS 



TYPICAL CHARACTERISTICS (T a =25°C, v cc =+15V, V EE =-15V, unless otherwise noted) 



THERMAL DERATING 
(MAXIMUM RATING) 



Q 
DC 
LU 

o 



750 
600 
450 
300 

150 
0 



M51805 


>P 


















M5180S 































0 25 50 75 100 125 
AMBIENT TEMPERATURE T a (°C ) 



> 
E 



< 



o 
> 



o 
(- 

D 

a. 
z 



INPUT OFFSET VOLTAGE 
VS. AMBIENT TEMPERATURE 



-3 



15 30 45 60 75 
AMBIENT TEMPERATURE T a (°C) 



INPUT BIAS CURRENT 
VS AMBIENT TEMPERATURE 

0. 5i 1 1 1 1 




0 1 I I I I 

0 15 30 45 60 75 

AMBIENT TEMPERATURE T a (°C) 



VOLTAGE GAIN 
VS FREQUENCY RESPONSE 




1 10 100 1k 10k 100k 



FREQUENCY f(Hz) 
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INTERNALLY PHASE COMPENSATED OPERATIONAL AMPLIFIERS 



o 



POWER DISSIPATION VS 
SUPPLY VOLTAGE 




0 2 4 6 8 10 12 14 16 18 20 , 
SUPPLY VOLTAGE V cc (+V), V EE (-V) 



> 
CD 



(D 
< 



O 
> 



100 



80 



60 



40 



20 



VOLTAGE GAIN VS 
SUPPLY VOLTAGE 



0 2 4 6 8 10 12 14 16 18 20 
SUPPLY VOLTAGE V cc (+V), V EE (-V) 



0.5 



.3 0.4 



| 0.3 

cc 
z> 
o 

co 0.2 
< 



INPUT BIAS CURRENT VS 
SUPPLY VOLTAGE 



0 2 4 6 8 10 12 14 16 18 20 
SUPPLY VOLTAGE V cc (+V), V EE (-V) 



INPUT OFFSET VOLTAGE VS 
SUPPLY VOLTAGE 



-5 

> 
E 

-4 



CD 

o 
> 



-1 



0 2 4 6 8 10 12 14 16 18 20 
SUPPLY VOLTAGE V CC (+V),V EE (-V) 



O 



INPUT OFFSET CURRENT VS 
SUPPLY VOLTAGE 



0 2 4 6 8 10 12 14 16 18 20 
SUPPLY VOLTAGE V CC (+V),V EE (-V) 



2~12 
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INTERNALLY PHASE COMPENSATED OPERATIONAL AMPLIFIERS 



APPLICATION EXAMPLES 

An operational amplifier employs feedback and has a varie- 
ty of functions by the configuration of feedback circuits. 
Note (1) shows a method adjusting offset voltage. 




(3) Differentiator 



Note (1) Method of adjusting input offset voltage 




DEFINTION OF ABBREVIATED TERMS 

CMRR : Common phase signal rejection ratio. Ratio of 
output voltage against allowable common phase 
input voltage and ratio against differential gain. 

G v • Voltage gain. Ratio of output voltage against in- 
put voltage required to change the output vol- 
tage from OV to a fixed value in an open loop 
circuit. 

I, B ' Input bias current. Average current supplied to 
two input pins when output voltage is set at OV. 

Iio • Input offset current. Difference of current sup- 
plied to two input pins when output voltage is set 
atOV. 

Pd • Power dissipation. DC power required to set no 
load output at OV in quiescent state. 

Rm • Input resistance. Resistance of an integrated cir- 
cuit measured at one differential input pin by 
grounding the other input pin. 




vee 



(DSet e in to equal OV. 

(2) Adjust R v =10kn so that e G =OV. 

SR : Slew rate. Time in which output is increased 
from normal value of 10% to 90% against step 
input and ratio of the voltage (voltage between 
10% to 90%). 

SVRR : Supply voltage rejection ratio. Ratio of input 
offset voltage change to supply voltage change. 

tr, K 0 v : Transient response. Response against pulse in 
an open loop amplifier circuit. 

Vj C : Common input voltage range. Common input vol- 
tage range in which an amplifier operates nor- 
mally. 

V lo • Input offset voltage. Voltage between input pins 

when output voltage is set at OV. 
Vqpp • Maximum output voltage width. Maximum output 

voltage obtained without being clipped. 
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M5216L, P, FP 

DUAL LARGE-CURRENT OPERATIONAL AMPLIFIERS (DUAL POWER SUPPLY TYPE) 



DESCRIPTION 

The M5216 is a semiconductor integrated circuit disigned as 
a high-output and high-speed operational amplifier for use 
in high-performance headphone amplifiers and mizer ampli- 
fiers found in cassette decks. 

The device comes in an 8-pin SIP, DIP or FP and it con- 
tains two circuits for yielding a high internally phase-com- 
pensated gain, a high current capacity and a high slew rate. 
It can be widely used as a general-purpose dual amplifier in 
electronic equipment. In addition, it can be used in a single 
power supply format and employed in conditions where the 
supply voltage is low. These are features which make this 
device ideal for headphone amplifiers in portable products. 

FEATURES 

• Large current capacity l LP =-(-100mA 

• High power output 

Po=40mW(typ.)(@V cc =6V ) R L =32Q) 

Po=27mW(typ.) f @V CC =20V(±10V) ^ 

• High slew rate, high f T SR=3.0V//*s, f T =10MHz(typ.) 

• Low noise (R s =1kQ) FLAT V N ,=1.8/<Vrms(typ.) 

• Low supply voltage drive possible V C c^4V(±2V) 

• High allowable power • Pd=800mW(SIP) 

P d =625mW(DIP), P d =440mW(FP) 

APPLICATION 

High-performance headphone amplifiers in VTRs, tape 
decks and stereo cassette tape recorders with bulit-in 
radios; also as a large current high speed, general-purpose 
operating amplifier in other electronic products and equip- 
ment. 

RECCOMENDED OPERATING CONDITION 

Supply voltage range •••±2V~±16V(dual power supply) 
±4V~±32V(single power supply) 
Rated supply voltage ±15V 



PIN CONFIGURATION (TOP VIEW) 



SIP 




DIP, MINI FLAT 

OUTPUT 1 |T 

INVERTED INPUT 1 |T 
NON-INVERTED 

INPUT 1 LI 

(— ) power nr 

SUPPLY 1 —! 



8]( + ) POWER SUPPLY 

7] OUTPUT 2 

J] INVERTED INPUT 2 

T] NON-INVERTED INPUT 2 

T]( — ) POWER SUPPLY 

T] NON-INVERTED INPUT 1 

T\ INVERTED INPUT 1 

T) OUTPUT 1 



+ ) POWER 

5 




SUPPLY 
T) OUTPUT 2 

IF] INVERTED INPUT 2 

m NON-INVERTED 
INPUT 2 




8-pin molded plastic SIP 



8-pin molded plastic FP 

(MINI FLAT) s-pin molded plastic DIP 




EQUIVALENT CIRCUIT 



INVERTED 
INPUT 1 



NON- +(3) 
INVERTEDl 
INPUT 1 



INVERTED 
, , INPUT 2 

[ 6 ) — 




5 ) + NON- 
INVERTED 
INPUT 2 



3 Q 107j V Q '°4>-H^03 | 

° 112 Rl03 | Rl02 |g Cl A 



-<z> 



OUTPUT 1 OUTPUT 2 



(-) 
POWER 
SUPPLY 
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DUAL LARGE-CURRENT OPERATIONAL AMPLIFIERS (DUAL POWER SUPPLY TYPE) 



ABSOLUTE MAXIMUM RATINGS (T a =25C, unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


Vcc 


Supply voltage 




±18 


V 


Ilp 


Load current 




±100 


mA 


V,d 


Differential input voltage 




±30 


V 


Vic 


Common input voltage 




±15 


V 


Pd 


Power dissipation 




800(SIP)/625(DIP)/440(FP) 


mW 


K<? 


Thermal derating 


T a ^25°C 


8(SIP)/6.25(DIP)/4.4(FP) 


mW/°C 


Topr 


Ambient temperature 




-20 — h75 


°C 


T stg 


Storage temperature 




-55 — hi 25 


°C 



ELECTRICAL CHARACTERISTICS (T a =25°C, V CC =±15V) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


'cc 


Circuit current 


Vjn=0 




4.5 


9.0 


mA 


V,o 


Input offset voltage 


R s ^10kQ 




0.5 


6.0 


mV 


l.o 


Input offset current 






5 


200 


nA 


lie 


Input bias current 






180 


500 


nA 


Pin 


Input resistance 




0.3 


5 




M Q 


Gvo 


Open loop voltage gain 


R L ^2kQ,V o =±10V 


86 


110 




dB 


Vqm 


Maximum output voltage 


R L ^10kQ 


±12 


±13.5 




V 


R L ^2kQ 


±10.5 


±11 




V C M 


Common input voltage width 




±12 


±14 




V 


CMRR 


Common mode rejection ratio 


R s ^10kQ 


70 


90 




dB 


SVRR 


Supply voltage rejection ratio 


R s ^10kQ 




30 


150 


fiVN 


Pd 


Power dissipation 






135 


270 


mW 


SR 


Slew rate 


G v =0dB, R L =2kQ 




3.0 




V///S 


fx 


Gam bandwidth product 






10 




MHz 


v NI 


Input referred noise voltage 


R s =1kQ, BW=10Hz~30kHz 




1.8 




/iVrms 



TYPICAL CHARACTERISTICS 




AMBIENT TEMPERATURE T a CO FREQUENCY f (Hz) 
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M5216L, P, FP 

DUAL LARGE-CURRENT OPERATIONAL AMPLIFIERS (DUAL POWER SUPPLY TYPE) 



i- 
z 

LU 
DC 
DC 
D 
O 

D 

O 
DC 

O 



10 



CIRCUIT CURRENT VS. 
SUPPLY VOLTAGE 



Vj 


n=C 


) 

































































































0 ±10 ±20 

SUPPLY VOLTAGE V cc (V) 



DC 
DC 
D 
O 

D 
O 

DC 



10 



< 

1 8 



CIRCUIT CURRENT VS. 
AMBIENT TEMPERATURE 









1 

V C c= 
Vm= 


±15V 
D 











































—20 0 20 40 60 80 
AMBIENT TEMPERATURE T a CO 



INPUT OFFSET VOLTAGE VS. 
AMBIENT TEMPERATURE 



2.5 



2.0 



O 
> 



1.5 



1.0 



0.5 



1 

V C c= 
R S =H 


, 

±15V 
)kQ 

















































-20 0 20 40 60 80 
AMBIENT TEMPERATURE T a CO 



OUTPUT VOLTAGE / LOAD CURRENT 
PEAK VS. LOAD RESISTANCE 



w 12 

E 

> 



10 



O 
> 
l- 
D 

a. 

H 
D 

o 



V C c=± 
f=1kHz 
THD=1< 


— I 

15> 


/ 


















Vo 


































V 
i 


D 














150k 

47k ^m>±r^ 

^•^OPT £r l 
330 q£ T 




















































Ilp 









































120 



< 
E 



100 



< 

LU 
Q. 
I- 
Z 

60 w 

DC 
DC 
D 
O 

Q 
< 

O 



80 



40 



100 200 500 1k 2k 5k 
LOAD RESISTANCE R L ( Q ) 



CD 
< 

_J 

o 
> 
I- 

D 

h 
D 
0 

D 

X 
< 
2 



MAXIMUM OUTPUT VOLTAGE 
VS. SUPPLY VOLTAGE 



C 20 

5 
O 
> 



10 



-20 



Rl= 


150C 


2 





























































































































±2 ±6 ±10. ±14 ±18 

SUPPLY VOLTAGE V CC (V) 



(3 
< 
\- 
_i 
O 
> 
I- 
D 
H 
I- 
D 
O 

D 

< 
2 



MAXIMUM OUTPUT VOLTAGE 
VS. FREQUENCY RESPONSE 



32 



24 



16 



V CC =±15V 



R L =2kQ 



R L =150Q_ 



1 10 100 1k 10k 100k 1M 
FREQUENCY f (Hz) 
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DUAL LARGE-CURRENT OPERATIONAL AMPLIFIERS (DUAL POWER SUPPLY TYPE) 



APPLICATION EXAMPLE FOR A HEADPHONE 
AMPLIFIER (DUAL POWER SUPPLY TYPE) 

INVERTED INPUT TYPE 

150kQ 

I Wv 



B±-AA/v- 



HEADPHONE AMPLIFIER CIRCUIT 
Po-Vcc CHARACTERISTICS 




HEADPHONE 
LOAD 

Rh 



(Note) For a single power supply type, ( + ) input pin voltage level is 
shifted at V cc /2 and output must be used by AC connection by 
means of a capacitor 



APPLICATION EXAMPLE FOR A HEADPHONE 
AMPLIFIER (SINGLE POWER SUPPLY TYPE) 

NON-INVERTED INPUT TYPE 



O+Vcc 




R o 10O , 470 a 
AV^fl — 



0. 022 u Z=Z 



itr 



G v =N=20dB 



VOLTAGE GAIN VS. 
FREQUENCY RESPONSE 



z 

< 

o 

LU 

o 
< 

O 
> 



40 



30 



20 



10 



10 100 1k 10k 

FREQUENCY f (Hz) 




20 22 24 
10) (±12) 



SUPPLY VOLTAGE V cc 



HEADPHONE AMPLIFIER CIRCUIT 
THD-Pq CHARACTERISTICS 



HEADPHONE 
) LOAD 
Rh 



Q 
I 

I— 

Z 

O 
l- 
cc 
O 
h- 

C/D 
Q 
O 

z 

o 

< 
I 



10 



1.0 



0.1 



% °- 01 



~T a =25°( 
__f=1kHz 














































■9 


V 






























— R. 




R 










i 












{ 


□ — mn \ 








































R H =32( 
^o=10fl 








































(f 


) 

























































































































































































































































0.1 



100 



POWER OUTPUT P 0 (mW) 

COUNTERMEASURE AGAINST 
OSCILLATION 

If oscillation occurs due to load condition, substrate wir- 
ing condition, instability of power supply after the M5216 
is mounted on the equipement, the following preventa- 
tive circuit is recommended. 

Capacitance of 10 ~ 100pF 

II ^ may be effective for preventing 

oscillation in some circuits 



O — ^ — WV- 



~WV- 




Ro 
-AA/V- 



W 



150 P-j-| Comparatively light 

I load is effective for j ' i 
I preventing high I ° L I 
J frequency oscillation. 



330Q : 



Ro is recommended because it is effective for pre- 
venting capacitative load oscillation and controlling cur- 
rent when load is shorted. 
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M5218L, P, FP/M5R45S8P 

DUAL LOW-NOISE OPERATIONAL AMPLIFIERS (DUAL POWER SUPPLY TYPE) 



DESCRIPTION 

The M5218/M5R4558P are simiconductor integrated circuits 
designed for a low noise preamplifier in audio equipment 
and a general-purpose operational amplifier in other elec- 
tronic equipment. Two low noise operational amplifier cir- 
cuits displaying internal phase-compensated high gain and 
low distortion are contained in an 8-pin SIP, DIP or FP for 
application over a wide rage as a general-purpose dual 
amplifier in general electronic equipment. 

The devices have virtually the same characteristics as the 
4557, 4558, 4559 and 741 operational amplifiers. 

The units can also be used as a single power supply type 
and amplifier in portable equipment. It is also suitable as a 
headphone amplifier because of its high load current. 

FEATURES 

• High gain, low distortion 

G vo =110dB, THE=0.0015%(typ.) 

• High slew rate, high f T 

SR=2.2V///s, f T =7MHz(typ.) 

• Low noise (R s =1kQ) FLAT V N ,=2//Vrms(typ.) 

RIAA V N ,=1 / wVrms(typ.) 

• Operation with low supply voltage 

V CC >4V(±2V) 

• High load current, high power dissipation 

l, P =±50mA, Pd=800mW(SIP) 

Pd=625mW(DIP), Pd=440mW(FP) 

APPLICATION 

General-purpose amplifier in stereo equipment, tape decks, 
and radio stereo cassette recorders; active filters, servo 
amplifiers, operational circuits in other general electronic 
equipment. 

RECOMMENDED OPERATING CONDITIONS 

Supply voltage range ±2~±16V 

Rated supply voltage ±15V 




OUTPUT 1 v OUTPUT 2 



PIN CONFIGURATION (TOP VIEW) 

SIP . 

T}( + ) POWER SUPPLY 

Ch2[ 3 OUTPUT 2 

6] INVERTED INPUT 2 
T] NON-INVERTED INPUT 2 
T]( — ) POWER SUPPLY 
T] NON-INVERTED INPUT 1 




Y| / 1— T] INVERTED INPUT 1 



T\ OUTPUT 1 



DIP, MINI FLAT 

OUTPUT 1 [T-^n 
INVERTED INPUT 1 



NON-INVERTED pr-i 
INPUT 1 Ll 

(-) power rr 

' l_L 



SUPPLY 1 



m(+) power 

_°J SUPPLY 
7] OUTPUT 2 

6] INVERTED INPUT 2 
5] NON-INVERTED 



J INPUT 2 




8-pin molded plastic SIP 



8-pin molded plastic FP 
(MINI FLAT) 

8-pin molded plastic DIP 
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DUAL LOW-NOISE OPERATIONAL AMPLIFIERS (DUAL POWER SUPPLY TYPE) 



ABSOLUTE MAXIMUM RATINGS (T a =25°C, unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


V C c 


Supply voltage 




±18 


V 


Ilp 


Load current 




±50 


mA 


Vid 


Differential input voltage 




±30 


V 


Vic 


Common input voltage 




±15 


V 


Pd 


Power dissipation 




800(SIP)/625(DIP)/440(FP) 


mW 


K d 


Thermal dirating 


T a ^25°C 


8(SIP)/6.25(DIP)/4.4(FP) 


mW/°C 


Topr 


Ambient temperature 




-20 — h75 


°C 


T stg 


Storage temperature 




-55 — H25 


°C 



ELECTRICAL CHARACTERISTICS (T a =2 5 c, v cc =±i 5 v) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Mm 


Typ 


Max 


Ice 


Circuit current 


V in =0 




3.0 


6.0 


mA 


V,o 


Input offset voltage 


R s <10kQ 




0.5 


6.0 


mV 


l.o 


Input offset current 






5 


200 


nA 


I.B 


Input bias current 








500 


nA 


Rin 


Input resistance 




0.3 


5 




MQ 


Gvo 


Open loop voltage gain 


R u ^2kQ,y o =±10V 


86 


110 




dB 


VoM 


Maximum output voltage 


R L ^10kQ 


±12 


±14 




V 


R u ^2kQ 


±10 


±13 




V C M 


Common input voltage range 




±12 


±14 




V 


CMRR 


Common mode'rejection ratio 


R s ^10kQ 


70 


90 




dB 


SVRR 


Sypply voltage 


R s <10kQ 




30 


150 


//V/V 


Pd 


Power dissipation 






90 


180 


mW 


SR 


Slew rate 


G v =0dB, R L =2kQ 




2.2 




V/^s 


fr 


Gain bandwidth product 






7 




MHz 


v NI 


Input referred noise voltage 


R s =1kQ, BW.10Hz~30kHz 




2.0 




/iVrms 



TYPICAL CHARACTERISTICS 



THERMAL DERATING VOLTAGE GAIN VS. 

(MAXIMUM RATING) FREQUENCY RESPONSE 




AMBIENT TEMPERATURE T a (°C) FREQUENCY f (Hz) 
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DUAL LOW-NOISE OPERATIONAL AMPLIFIERS (DUAL POWER SUPPLY TYPE) 



CIRCUIT CURRENT VS. CIRCUIT CURRENT VS. 

SUPPLY VOLTAGE AMBIENT TEMPERATURE 




0 ±10 ±20 —20 0 20 40 60 80 



SUPPLY VOLTAGE V cc (V) AMBIENT TEMPERATURE T a (°C) 
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DUAL LOW-NOISE OPERATIONAL AMPLIFIERS (DUAL POWER SUPPLY TYPE) 



APPLICATION EXAMPLES 

(1) Stereo Equalizer amplifier circuit 



4. 7 u 

R 390 _i_ ' 1 00p^ [ 

■N^-T^°r T 1 ©+ 




8/M5R4558P 

Ro 
1k 
$ — vw- 



0.018/.0. 0047/. 



Units 
Resistance Q 
Capacitance : F 




2.2, 



o+V C c 
(-h15V) 



R 

-^OUT 



TYPICAL CHARACTERISTICS (V CC =±15V, riaa) 

•G v = 35. 6dB(f=1kHz) 

• V NI =1 /yVrms(R s =1kQ, BW=20Hz~30kHz) 

• Signal-to-noise=72. 5dB (IHF-A network, shorted input, 
2. 5mVrms input sensitivity) 

• THD=0.0015%(f=1kHz,V o =3Vrms) 

TOTAL HARMONIC DISTORTION 
q VS. OUTPUT VOLTAGE 



100k 



L 

"°OUT 



,-Vcc 
"(-15V) 



0. 1 
0. 05 

0. 02 
0.01 
0.005 

0. 002 
0. 001 















V 


cc = ±15V 














RIAA 


















































































10\- 


z 




J- 






















ft 






































































w 






















I I 




















S^f^lkHz 















Left channel circuit constants are identical to those of right channel. 
C B i. C B 2 : Capacitors for buzz prevention, use if required. 
Ro : Resistor used to prevent parasitic oscillation for capacitive loads 
and current limiting with shorted and other abnormal load conditions. 



1 2 5 10 20 

OUTPUT VOLTAGE V Q (Vrms) 



OUTPUT NOISE VOLTAGE VS. 
SIGNAL SOURCE RESISTANCE 



| 300 
5L 



5 200 
< 

o 
> 

UJ 

£ 100 
O 
z 
i- 

D 
Q_ 
I- 

o 







r- 


i i i i r-T r 


















~BW=20Hz- 

Dl A A 


~ 30kHz 



























































































































































































































































































































































































































































































































100 



10k 



100k 



SIGNAL SOURCE RESISTANCE R s ( Q ) 



SIGNAL-TO-NOISE RATIO VS. 
SIGNAL SOURCE RESISTANCE 



z 

if) 



75 



70 



65 



60 

















— IT" 

-V cc 




II 1 111 — 

-hi R\/ 




















-A MCHA/nni/ 
















-2. 5m Vrms INPUT - 
















. QPM.QITIX/ITV RIAA - 



















































































































































































































































































































































































































































100 1k 10k 100k 

SIGNAL SOURCE RESISTANCE R s ( Q ) 
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DUAL LOW-NOISE OPERATIONAL AMPLIFIERS (DUAL POWER SUPPLY TYPE) 



(2) High S / N stereo DC ICL equalizer 



Rch 




TYPICAL CHARACTERISTICS (V CC =±15V, riaa) 

• Signal-to-noise=72. 5dB (IHF-A network, shorted input, 
+Vcc 2. 5mVrms input sensitivity) 

(+15V) . v N ,=0.77^Vrms(R s =5. 1 kQ , BW=5Hz~100kHz) 

♦ G v =35.6dB(f=1kHz) 



TOTAL HARMONIC DISTORTION 
VS. OUTPUT VOLTAGE 

















V CC -±15V 

RIAA 




























































































20 


Hz 




































































20kHz^ 


















f= 


= 1kh 


Iz 























































1 2 5 10 20 

OUTPUT VOLTAGE V Q (Vrms) 



Left channel circuit constants are 
identical to those of right channel. 



Units Resistance : Q 
Capacitance F 



(3) Headphone amplifier 



TOTAL HARMONIC DISTORTION 
VS. OUTPUT VOLTAGE 




0. 1 0.2 0.5 1 2 5 10 
POWER OUTPUT P 0 (mW) 



(Output resistance R 0 is made the parameter) 
POWER OUTPUT / POWER 
DISSIPATION VS. SUPPLY VOLTAGE 

1000r 




OUTPUT —I 
RESISTANCE 
R o HEAD 
PHONE 
8Q 



10 20 30 

(±5) (±10) (±15) 

SUPPLY VOLTAGE VOLTAGE (V) 
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DUAL SINGLE POWER SUPPLY OPERATIONAL AMPLIFIERS 



DESCRIPTION 

The M5223/M5N358P are semiconductor integrated circuits 
designed as dual operational amplifiers which permit signle 
power supply operation. 

The devices come in a compact 8-pin SIP, DIP or FP and 
contain two sircuits for yielding a high internal phase com- 
pensation and high performance. For both input and output, 
operation is possible from the GND level and this makes it 
possible for the divice to be used widely as a general-pur- 
pose operational amplifier in the motor control circuits of 
such equipment as cassette decks, turntables, VTRs and 
digital audio disc players as well as in automotive electronic 
products and communications equipment. It can also be em- 
ployed as a simple comparator. 

FEATURES 

• Wide common input voltage range and operation 
permitted with GND level input V,=— 0.3V — h36V 

• Output voltage level can be reduced to near the GND 
level 

• Wide operating supply voltage range and single power 
supply operation possible V C c == 3V~36V(V C cmax) 

• High voltage gain G vo = 110dB(typ.) 

• High allowable power dissipation Pd=800mW(SIP) 

Pd=625mW(DIP) 
Pd=440mW(FP) 

APPLICATION 

General-purpose amplifier in control circuits of cassette 
decks, turntable, VTRs, video disc players and audio disc 
players; general-purpose amplifier in automotive electronic 
products, communications equipment and copying machines. 

General-purpose amplifier in radio-controlled and electro- 
nic toys, and electronic games. 



PIN CONFIGURATION (TOP VIEW) 
SIP 

T)( + ) POWER SUPPLY 
T) OUTPUT 2 
If] INVERTED INPUT 2 
5] NON-INVERTED INPUT 2 
T|(-) POWER SUPPLY 
T| NON-INVERTED INPUT 1 
IF) INVERTED INPUT 1 
T] OUTPUT 1 




DIP, MINI FLAT 

OUTPUT 1 [T — 

INVERTED INPUT 1 EE] / 1 ^ 
NON-INVERTED pr- 
INPUT 1 Li. 

(-) power rr 

SUPPLY 1 - 2 -! 




+ ) POWER 
SUPPLY 

T] OUTPUT 2 

6] INVERTED INPUT 2 

T1 NON-INVERTED 
-2J INPUT 2 




8-pin molded plastic SIP 



8-pin molded plastic FP 
(MINI FLAT) 




8-pin molded plastic DIP 



EQUIVALENT CIRCUIT 




0 



Q 2 Q3J 




-OV c 




777 



-O OUTPUT 



-O GND 



*Two circuits are featured in 
the circuit on the left 
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DUAL SINGLE POWER SUPPLY OPERATIONAL AMPLIFIERS 



ABSOLUTE MAXIMUM RATINGS (T a =25°C, unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


Vcc 


Supply voltage 




36(±18) 


V 


'sink 


Load current 




±50 


mA 


•source 


mA 


V,d 


Differential input voltage 




±36 


V 


v, 


Input voltage 




-0. 3 — h36 


V 


Pd 


Power dissipation 




800(SIP)/625(DIP)/440(FP) 


mW 




Thermal derating 


T a ^25°C 


8(SIP)/6. 25(DIP)/4.4(FP) 


mW/°C 


Topr 


Ambient temperature 




-20 — 1-75 


°C 


T stg 


Storage temperature 




-55 — H25 


°C 



ELECTRICAL CHARACTERISTICS (T a =25c, v cc =+ 5 v) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


'cc 


Circuit current 


V in =0 




0.7 


1.5 


mA 


V,o 


Input offset voltage 


R S =50Q, V CM =7. 5V 




2 


7 


mV 


l.o 


Input offset current 


I Ib<+)-Ib<-> I ,V CM =7.5V 




5 


50 


nA 


lie 


Input bias current 


V C M=7. 5V 




30 


250 


nA 


CSR 


Channel separation 


f=1kHz 




120 




dB 


Gvo 


Open loop voltage gain 


R L ^2kQ, V CM =7. 5V 


90 


110 




dB 


VoH 

Vol 


Maximum output voltage 


R L >2kQ 


12.0 


13.5 




V 


R L ^2kQ 




0.9 


1.8 


V C m 


Common phase input voltage width 


R s =1kQ,f=100Hz 


-0.3 




+13.5 


V 


CMRR 


Common phase rejection ratio 


Rs=50Q,V C M=7. 5V 




85 




dB 


SVRR 


Supply voltage rejection ratio 


R S =50Q 




100 




dB 


Pd 


Power dissipation 






10.5 


22.5 


mW 


SR 


Slew rate 


G v =0dB, R u =2kQ 




0.6 




V/jus 


'source 


Output source current 


V IN( _)=0V, V IN( + ) = 1V 


20 


40 




mA 


'sink 


Output sink current 


V IN( -) = 1V,V IN( + )=0V 


10 


20 




mA 



TYPICAL CHARACTERISTICS 
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BASIC OPERATION OF SINGLE POWER 
SUPPLY OPERATIONAL AMPLIFIER 

The M5223/M5N358P is an operational amplifier that 
operates from 0V (GND) level for both input and output 
if used at a single-power supply voltage. 

Basic operation of the device is explained in the fol- 
lowing, comparing characteristics of the operational 
amplifier M5218/M5R4558P. 

Dual power supply operational amplifier 

I M5218/M5R4558P 




Fig. 1 

Single power supply operational amplifier 

I M5223/M5N358P 




Fig. 2 



Fig. 1 illustrates the dual power supply operational 
amplifier M5218/M5R4558P, and Fig. 2 illustrates an in- 
put differential circuit of the single power supply oper- 
ational amplifier M 5223/ M 5 N 358 P. In this case, the in- 
put stage base voltage V B (on) for operating an input dif- 
ferential circuit in the M5218/M5R4558P is as follow; 
V B (on)=Vbe7+Vbe6+V C e2-Vbe2 
(If V B e^0.6V, V ce ^0.5V) 
= 1.1V 

and, in the M5223/M5N358P, 

V B (on)= V BE 1 2+V BE 1 1 ~ V BE 1 0+V CE 3- V be 3-Vbe4 
= 1.1V 

and, in the M5223/M5N358P, the differential circuit is 
activated even when the input level is 0V. The input and 
output characteristics are shown in Fig. 3. 



M5218/M5R4558P 




Fig. 3 



Operation of an output stage is explained in the fol- 
lowing. 
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M5218/M5R4558P 




10 



o OUT 



Fig. 4 



M5223/M5N358P 




^ OUT 



Fig. 5 

Fig. 4 illustrates an output stage of the M5218/ 
M5R4558P, which adopts and AB-class push-pull circuit 
of ordinary operational amplifier output type, where no 
crossover distortion occurs because idling current is 
running from Di, D2 bias to Qn, Q12 in quiescent state. 
In this case, the output never goes below the level of 
V B e12 + V C e7, and the device is activated up to a vol- 
tage of approximately 1.1V. Moreover, the voltage 
changes greatly according to conditions of load current. 

Fig. 5 illustrates the M5223/M5N358P, to which rated 
current circuit of Ic^lOO^A is connected by Q14 and 
the output can be reduced to near GND level as A-class 
bias output stage up to the current of 100 //A. For a load 
in excess of this current, in case of the M5223/ 
M5N358P driven by Q13, no idling current is present be- 
cause of C-class bias (where the base of output transis- 
tors Q5, Q6, Q13 is shorted) , and crossover distortion 
occurs. Therefore, the device may not be suitable for 
audio signal amplifiers. 

Both single and dual power supply amplifiers operate 
exactly with the same operating circuit logic (activation 
level of input and output and load driving methods are 
different) , but bias must be set at V C c/2 for output DC 
current in both single and dual power supply amplifiers. 
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Fig. 6 

REDUCTION OF DISTORTION IN A SINGLE 
POWER SUPPLY OPERATIONAL AMPLIFIER 

As has been explained previously, a single power supp- 
ly operational amplifier operates with low distortion as 
an A-class bias circuit up to a load condition that can be 
driven by current (100 n A) in a rated current curcuit 
which is built in the output stage, and it can be used for 
audio signals but, if the load condition exdeeds the 
value of current, the device is placed into a C-class 
bias condition, and crossover destortion occurs. To re- 
duce this distortion, a pull-up resistor (e.g. 3k Q) for 
running A-class bias current externally can be con- 
nected as shown in Fig. 7 to increase the A-class bias 
current and reduce distortion. (Refer to Fig. 8 DISTOR- 
TION VS OUTPUT VOLTAGE.) 

+V CC 




-15V 



-Vcc 

Fig. 7 (Explanation by dual 

power supply method) 
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MITSUBISHI LINEAR ICs 



M5224P, FP/M5N324P 



QUAD SINGLE POWER SUPPLY OPERATIONAL AMPLIFIERS 



DESCRIPTION 

The M5224/M5N324P are semiconductor integrated circuits 
designed as quad operational amplifiers in which single 
power supply operation is possible. 

The devices come in a standard 14-pin dlP, FP and con- 
tain four circuits for yielding a high internal phase com- 
pensation and high performance. For both input and output, 
operation is possible from the GND level and this makes it 
possible for the device to be used widely as a general- 
purpose operational amplifier in the motor control circuits of 
such equipment as cassette decks, turntables, VTRs and 
digital audio disc players as well as in automotive electronic 
products and communications equipment. It can be also em- 
ployed as a simple comparator. 



PIN CONFIGURATION (TOP VIEW) 
DIP, MINI FLAT 

Vout1 [iR^yr-^ V OU t4 

v IN (+)i[T- 



v cc [T 

V IN (+)2[jj[ 
V,n(-)2[([%V 

v OUT 2|T-y 



^fHv IN ( T )4 
' lJv IN (+)4 

TT]gnd 

I T0]v IN (+)3 

^3^1¥]v IN (-)3 
^— I]v OU t3 



FEATURES 

• Wide common input voltage range and operation 
permitted with GND level input V,=— 0.3V — h36V 

• Output voltage level can be reduced to near the GND 
level 

• Wide operating supply voltage range and single power 
supply operation possible V C c == 3V — r-36V(V C cmax) 

• High voltage gain G V o =: 110dB(typ.) 

• High allowable power dissipation 

Pd=700mW(M5224P/M5N324P) 

Pd=550mW(M5224FP) 

APPLICATION 

General-purpose amplifier in control circuits of cassette 
decks, turntable, VTRs, video disc players and audio disc 
players; general-purpose amplifier in automotive electronic 
products, communications equipment and copying machines. 

General-purpose amplifier in radio-controlled and electro- 
nic toys, and electronic games. 



14-pin molded plastic FP 
(MINI FLAT) 




14-pin molded plastic DIP 



EQUIVALENT CIRCUIT 



0 




INPUT ( + )0- 




-OV c 




-O OUTPUT 



-O GND 



* Four circuits are featured 
in the circuit on the left 
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ABSOLUTE MAXIMUM RATINGS (T a =25°C, unless otherw.se noted) 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


Vcc 


Supply voltage , 




36(±18) 


V 


■sink 


Load current 




±50 


mA 


1 source 


mA 


v id 


Differential input voltage 




±36 


V 


Vj 


Input voltage 




-0. 3 — H36 


V 


Pd 


Power dissipation 




700(DIP)/550(FP) 


mW 


K* 


Thermal derating 


T a ^25°C 


7(DIP)/5.5(FP) 


mW/'C 


Topr 


Ambient temperature 




-20 — h75 


°C 


T stg 


Storage temperature 




-55 — H25 


°C 



ELECTRICAL CHARACTERISTICS (T a =25c, v co =+i5v) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


Ice 


Circuit current 


V, n =0 




1.2 


2.5 


mA 


V,o 


Input offset voltage 


R S =50Q,V C M=7.5V 




2 


7 


mV 


'to 


Input offset current 


I Ib( + )-Ib<-> I ,V C m=7.5V 




5 


50 


nA 


I IB 


Input bias current 


V C m=7. 5V 




30 


250 


nA 


CSR 


Channel separation 


f=1kHz 




120 




dB 


Gvo 


Open loop voltage gain 


R u ^2kQ, V CM =7.5V 


90 


110 




dB 


Vqh 


Maximum output voltage 


R L ^2kQ 


12.0 


13.5 




V 


Vol 


R u ^2kQ 




0.9 


1.8 


V C m 


Common phase input voltage width 


R s =1kQ,f=100Hz 


-0.3 




+13.5 


V 


CMRR 


Common phase rejection ratio 


R S =50Q,V CM =7. 5V 




85 




dB 


SVRR 


Supply voltage rejection ratio 


R S =50Q 




100 




dB 


Pd 


Power dissipation 






18 


37.5 


mW 


SR 


Slew rate 


G v =0dB, R L =2kQ 




0.6 






'source 


Output source current 


V, N (_)=0V,V 1N( + ) = 1V 


20 


40 




mA 


'sink 


Output sink current 


V 1N (-) = 1V,V 1N( + ) =0V 


10 


20 




mA 



TYPICAL CHARACTERISTICS 
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BASIC OPERATION OF SINGLE POWER 
SUPPLY OPERATIONAL AMPLIFIER 

The M5224/M5N324P is an operational amplifier that 
operates from 0V (GND) level for both input and output 
if used at a single power supply voltage. 

Basic operation of the device is explained in the fol- 
lowing, comparing characteristics of the operational 
amplifier M5218/M5R4558P. 

Dual power supply operational amplifier 

I M5218/M5R4558P 



V B (ON) 




Fig. 1 



Single power supply operational amplifier 

M5224/M5N324P 



' Q 2 Q3 J V B(ON) 





Fig. 1 illustrates the dual power supply operational 
amplifier M5218/M5R4558P, and Fig. 2 illustrates an in- 
put differential circuit of the single power supply oper- 
ational amplifier M5224/M5N324P. In this case, the in- 
put stage base voltage V B (on) for operating an input dif- 
ferential circuit in the M5218/M5R4558P is as follow; 
Vb(on)=Vbe7+Vbe6+Vce2-V B e2 
(If V B e^0.6V, V ce ^0.5V) 
= 1.1V 

and, in the M5224/M5N324P, 

V B (on)= V BE 1 2+V BE 1 1 ~ V BE 1 0+V CE 3- V BE 3- V BE 4 
= -0.1V 

and, in the M5224/M5N324P, the differential circuit is 
activated even when the input level is 0V. The input and 
output characteristics are shown in Fig. 3. 



M5218/M5R4558P 



Vo 




The device does not function as 
it is not activated below V| 1.1V 



M5224/M5N324P 



1.1V 



V, 



Fig. 3 



Operation of an output stage is explained in the fol- 
lowing. 



Fig. 2 
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M5218/M5R4558P 



10 



oOUT 




o OUT 



Fig. 5 

Fig. 4 illustrates an output stage of the M5218/ 
M5R4558P, which adopts an AB-class push-puss circuit 
of ordinary operational amplifier output type, where no 
crossover distortion occurs because idling current is 
running from Di, D2 bias to Qn, Q12 in quiescent state. 
In this case, the output never reaches below the level of 
Vbe12+V C e7, and the device is activated up to voltage 
of approximately 1.1V. Moreover, the voltage changes 
greatly according to conditions of load current. 

Fig. 5 illustrates the M5224/M5N324P, to which rated 
current circuit of Ic^lOO/M is connected by Qnand the 
output can be reduced to near GND level as A-class 
bias output stage up to the current of 100 //A. For a load 
in excess of this current, is case of the M5224/ 
M5N324P driven by Q13, no idling current is present be- 
cause of C-class bias (where the base of output transis- 
tors Q5, Q6, Q13 are shorted), and crossover distortion 
occurs. Therefore, the device may not be suitable for 
audio signal amplifiers. 

Both single and dual power supply amplifiers operate 
exactly with the same operating circuit logic (activation 
level of input and output and load driving methods are 
different), but bias must be set at V C c/2 for output DC 
current in both single and dual power supply amplifiers. 
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REDUCTION OF DISTORTION IN A SINGLE 
POWER SUPPLY OPERATIONAL AMPLIFIER 

As has been explained previously, a single power supp- 
ly operational amplifier operates with low distortion as 
an A-class bias circuit up to a load condition that can be 
driven by current (100// A) in a rated current circuit 
which is built in the output stage, and it can be used for 
audio signals but, if the load condition exceeds the 
value of current, the device is placed into a C-class 
bias condition, and crossover distortion occurs. To re- 
duce this distortion, a pull-up resistor (e.g. 3k Q) for 
running A-class bias current externally can be con- 
nected as shown in Fig. 7 to increase the A-class bias 
current and reduce distortion. (Refer to Fig. 8 DISTOR- 
TION VS OUTPUT VOLTAGE.) 



+V C 



+15V 




Q13J f — R L | 
-k \ 'sink ^ * 




-15V 



Fig. 7 (Explanation by dual power supply method) 
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QUAD LOW-NOISE OPERATIONAL AMPLIFIERS (DUAL POWER SUPPLY TYPE) 



DESCRIPTION 

The M5228 is a semiconductor integrated circuit designed 
for a low-noise preamplifier in audio equipment and a 
general-purpose operational amplifier in other electronic 
equipment. Four low-noise operational amplifier circuits dis- 
playing internal phase-compensated high gain and low dis- 
tortion are contained in a 14-pin standard DIP and 14-pin 
mini flat (FP) package for application overt a side range as 
a general-purpose dual amplifier in general electronic 
equipment. 

The device has virtually the same characteristics as the 
4557, 4558, 4559 and 741 operational amplifiers. The unit 
can also be used as a single power supply type and ampli- 
fier in portable equipment. It is also suitable as a headphone 
amplifier because of its high load current. 



PIN CONFIGURATION (TOP VIEW) 
DIP, MINI FLAT 

OUTPUT 1 |T^ N ^T-14l OUTPUT 4 
(-) INPUT ijT^lAA^, Tg (-) INPUT 4 

( + ) INPUT l[T 1 ' — — " 

POWER SUPPLY [T 
( + ) INPUT2QT- 



OUTPUT 2 fT 



(-) INPUT2[Tfetsi5^1 ][]( — ) INPUT 3 

rJ7 Y-i 



T2)( + ) INPUT 4 

]T|gndi 

H))( + ) INPUT 3 



8] OUTPUT 3 



FEATURES 

• High gain, low distortion 

G V o=110dB, THD=0.0015%(typ.) 

• High slew rate, high f T SR=2.2V///s, f T =7MHz(typ.) 

• Low noise(R g =1kQ)FLAT V N ,=2//Vrms(typ.) 

RIAA V N ,=1//Vrms(typ.) 

• Operation with low supply voltage V C c^4V(±2V) 

• High load current, high power dissipation 

l LP =±50mA, P d =700mW(M5228P) 

P d =550mW(M5228FP) 

APPLICATION 

General-purpose amplifier in stereo equipment, tape decks 
and radio stereo cassette recorders; active filters, servo 
amplifiers, operational circuits in other general electronic 
equipment. 



4& 



14-pin molded plastic FP 
(MINI FLAT) 




14-pin molded plastic DIP 



RECOMMENDED OPERATING CONDITIONS 

Supply voltage range ±2~±16V 

Rated supply voltage ±15V 



EQUIVALENT CIRCUIT 



(-) INPUT O- 



( + ) INPUT O- 




O POWER SUPPLY 



O OUTPUT 



TO OTHER 

CIRCUIT 5& Four circuits are 

featured in the circuit 
on the left (except 

Ql5, Ql6, Rio) 

O GND 
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ABSOLUTE MAXIMUM RATINGS (T a =25°C, unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


Vcc 


Supply voltage 




±18 


V 


'lp 


Load current 




±50 


mA 


V,d 


Differential input voltage 




±30 


V 


V,c 


Common input voltage 




±15 


V 


Pd 


Power dissipation 




700(DIP)/550(FP) 


mW 


K0 


Thermal derating 


T a ^25°C 


7(DIP)/5.5(FP) 


mW/°C 


T"opr 


Ambient temperature 




-20—+75 


°C 


Tstg 


Storage temperature 




-55 — H25 


°C 



ELECTRICAL CHARACTERISTICS <T a =25C v cc =±i5v) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Mm 


Typ 


Max 


•cc 


Circuit current 


V ln =0 




6.0 


12.0 


mA 


V,o 


Input offset voltage 


R s ^10kQ 




0.5 


6.0 


mV 


'lO 


Input offset current 






5 


200 


nA 


I.B 


Input bias current 








500 


nA 


Rin 


Input resistance 




0.3 


5 




MQ 


Gvo 


Open loop voltage gain 


R L ^2kQ, V o =±10V 


86 


110 




dB 


VoM 


Maximum output voltage 


R L ^10kQ 


±12 


±14 




V 


R L ^2kQ 


±10 


±13 




V CM 


Common input voltage range 




±12 


±14 




V 


CMRR 


Common mode rejection ratio 


R s ^10kQ 


70 


90 




dB 


SVRR 


Supply voltage rejection ratio 


R s ^10kQ 




30 


150 


/.V/V 


Pd 


Power dissipation 






180 


360 


mW 


SR 


Slew rate 


G v =0dB, R L =2kQ 




2.2 






fx 


Gain bandwidth product 






7 




MHz 


V N . 


Input referred noise voltage 


R s — IkQ, BW 10Hz~30kHz 




2.0 




//Vrms 



TYPICAL CHARACTERISTICS 



THERMAL DERATING 
(MAXIMUM RATING) 

1000 I 1 1 1 r- 

E 

w 800 




0 25 50 75 100 125 



AMBIENT TEMPERATURE T a (°C) 



VOLTAGE GAIN VS. 
FREQUENCY RESPONSE 




1 10 100 1k 10k 100k 1M 10M 
FREQUENCY f (Hz) 
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MITSUBISHI LINEAR ICs 

M5228P, FP 



QUAD LOW-NOISE OPERATIONAL AMPLIFIERS (DUAL POWER SUPPLY TYPE) 



CIRCUIT CURRENT VS. SUPPLY VOLTAGE 



< 
E 



z 

LU 
DC 
CC 
D 
O 

D 
O 
CC 




0 ±10 ±20 

SUPPLY VOLTAGE V CC (V) 



I- 
Z 

LU 
CC 
CC 
D 
O 



D 

O 
CC 



10 



CIRCUIT CURRENT VS. 
AMBIENT TEMPERATURE 









V CC = 
V in = 


= ±15V 
0 











































—20 0 20 40 60 80 

AMBIENT TEMPERATURE T a (°C) 



2.5 



°- 2.0 

LU 

(D 

< 1.5 



O 
> 
I- 

UJ 

C/3 



1.0 



O 0.5 

l- 

D 

£L 

? 0 



INPUT OFFSET VOLTAGE VS. 
AMBIENT TEMPERATURE 



V CC = 
R S =K 


±15V 
DkQ 

















































-20 0 20 40 60 I 
AMBIENT TEMPERATURE T a (°C) 



E 
> 

>° 

LU 

CD 
< 



O 
> 
H 
D 
Q. 

D 

o 



OUTPUT VOLTAGE / LOAD CURRENT 
PEAK VS. LOAD RESISTANCE 




100 200 500 1k 2k 5k 
LOAD RESISTANCE R L ( Q ) 
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MITSUBISHI LINEAR ICs 

M5209L, P, FP 

DUAL HIGH- VOLTAGE, HIGH S/N OPERATIONAL AMPLIFIERS 

(DUAL POWER SUPPLY TYPE) 



DESCRIPTION 

The M5209 is a semiconductor integrated circuit designed 
for a preamplifier in audio equipment of stereo and cassette 
tape decks. 

Two low-noise operational amplifier circuits displaying in- 
ternal phase-compensated high gain and low distortion are 
contained in a 8-pin SIP, DIP or FP, suitable for application 
as a microphone and tone control amplifier of stereo equip- 
ment and cassette tape decks. 

The unit can also be used as a general-purpose amplifier 
in portable equipment such as a stereo cassette tape recor- 
der of a single power supply type as it operates at a low 
supply voltage. 

FEATURES 

• Low noise V N ,=1.2//Vrms typ. (R g =2.2kQ, FLAT) 

S/N=61dB typ. (R g =600Q, IHF-A network) 
(microphone amplifier, reference input=— 60dBm) 
Higher S/N ratio by 4dB when compared to general 
operational amplifiers 

• High voltage V CC =±25V(50V) 

• Low maximum input voltage Vj=140mVrms(typ.) 

(V CC =±22.5V, G v =40dB) 

• High gain, low distortion 

G V o=110dB, THD=0.004%(typ.) 

• High slew rate SR=6.5V///s(typ.) 

• High load current, high power dissipation 

— l L p=±50mA, Pd=800mW(SIP) 

Pd=625mW(DIP), Pd=440mW(FP) 

APPLICATION 

General-purpose preamplifier in stereo equipment, tape 
decks and radio stereo cassette recorders 

RECOMMENDED OPERATING CONDITIONS 

Supply voltage range ±2~±22.5V 

Rated supply voltage ; ±22.5V 



PIN CONFIGURATION (TOP VIEW) 
SIP 



ch2 



chl 




]0(+) power supply 

T] OUTPUT 2 
J] INVERTED INPUT 2 
T| NON-INVERTED INPUT 2 



T)( — ) POWER SUPPLY 

jji T| NON-INVERTED INPUT 1 

\]7 L ~g\ INVERTED INPUT 1 



T) OUTPUT 1 



DIP, MINI FLAT 

OUTPUT 1 [T 

INVERTED INPUT 1 [T 
NON-INVERTED fT 
INPUT 1 LL 
(-) POWER fT 
SUPPLY L2- 




mB-) power 

8J SUPPLY 
T)0UTPUT2 

6]lNVERTED INPUT 2 
Jj NON-INVERTED 



i INPUT 2 




8-pin molded plastic SIP 



8-pin molded plastic FP 
(MINI FLAT) 




8-pin molded plastic DIP 



EQUIVALENT CIRCUIT 



INVERTED 
NPUTll Qi 




OUTPUT 1 



OUTPUT 2 
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MITSUBISHI LINEAR ICs 

M5209L, P f FP 



DUAL HIGH- VOLTAGE, HIGH S/N OPERATIONAL AMPLIFIERS 

(DUAL POWER SUPPLY TYPE) 



ABSOLUTE MAXIMUM RATINGS (T a =25°C, unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


V cc 


Supply voltage 




±25(50) 


V 


Ilp 


Load current 




±50 


mA 


v id 


Differential input voltage 




±30 


V 


V ic 


Common input voltage 




±22.5 


V 


Pd 


Power dissipation 




800(SIP)/625(DIP)/440(FP) 


mW 


K 0 


Thermal derating 


T a ^25°C 


8(SIP)/6.25(DIP)/4.4(FP) 


mW/°C 


Topr 


Ambient temperature 




-20 — h75 


°C 


T stg 


Storage temperature 




-55 — hi 25 


°c 



ELECTLICAL CHARACTERISTICS (T a =2 5 c, v cc =±22.5v) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Mm 


Typ 


Max 


Ice 


Circuit current 


V in =0 




3.5 


7.0 


mA 


V,o 


Input offset voltage 


R s ^10kQ 




0.5 


6.0 


mV 


1 IB 


Input bias current 






0.3 




M A 


Gvo 


Open loop voltage gain 


f= 100Hz, R L =47kQ,C NF =470^F 


90 


110 




dB 


V OM 


Maximum output voltage 


f=1 kHz, THD=0. 1 %, R u =47kQ , FLAT 


12.5 


14.0 




Vrms 


THD 


Total harmonic distortion 


f=1 kHz, V Q =5Vrms, R L =47kQ , FLAT 




0. 004 




% 


v N , 


Input referred noise voltage 


Rg=2.2kQ, BW=10Hz~30kHz, FLAT 




1.2 


1.8 


//Vrms 


S/N 


Signal-to-noise ratio 


Rg=600Q,Gv=40dB, IHF-A network 
Reference input — 60dBm (microphone) 




61 




dB 



TEST CIRCUITS 



(a) l C o V lo 



+V C 



10k< 




M0k 



O-Vcc 

-AAA/ 

1M 



(b) G v 



9+v c 



3.3^ + 47 



100-V,o 

(c) V OM , THD 

9+Vcc 




G vo =20 log V 0 /V, [dB] 




Unit Resistance Q 
Capacitance F 
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MITSUBISHI LINEAR ICs 

M5209L, P, FP 



DUAL HIGH- VOLTAGE, HIGH S/N OPERATIONAL AMPLIFIERS 

(DUAL POWER SUPPLY TYPE) 



TEST CIRCUIT 



(d) V NI , S/N 

9+Vcc 



BAND PASS FILTER 2(S/N) 
O- 




FLAT Amp 

G v =40dB=100 TIMES (@f=1kHz) 



UNIT Resistance : Q 
Capacitance F 



1. V N ,=V NO i/100(^Vrms) 

2. S/N=20 log C775^Vrms/(V N0 2/1 00)3 (dB) 775// Vrms=—60dBm( Microphone reference input voltage) 
* An AC voltmeter V V with a built-in IHF-A network filter should be used for measuring the S/N ratio. 



TYPICAL CHARACTERISTICS 



THERMAL DERATING 
(MAXIMUM RATING) 



1000 

? 

E 

w 800 



z 

g 
£ 

CO 
CO 

Q 

DC 
LU 

o 

CL 



600 



400 



200 



M5209L 








M5209P \ 








M 52091 












r 



















25 50 



75 



100 



125 



VOITAGE GAIN VS. 
FREQUENCY RESPONSE 





140 




120 






"D 






100 


> 










80 


z 


< 




0 


60 


LU 




0 






40 






0 




> 


20 




0 



V cc =±22. 5V 
R L =47kQ 































































































AMBIENT TEMPERATURE T a (°C) 



10 100 1k 10k 100k 1M 10M 100M 
FREQUENCY f (Hz) 
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MITSUBISHI LINEAR ICs 

M5209L, P, FP 



DUAL HIGH- VOLTAGE, HIGH S/N OPERATIONAL AMPLIFIERS 

(DUAL POWER SUPPLY TYPE) 



APPLICATION EXAMPLES 

(1) Stereo FLAT (microphone) amplifier circuit 



GND 



+V CC 
°(+22. 5V) 




TYPICAL CHARACTERISTICS (v cc =±22.5V, flat) 

• G v =40dB (f=1kHz) 

. v N ,=1.2 / /Vrms(R g =2.2kQ, BW=10Hz~30kHz) 

• S/N=61dB (IHF-A network, R g =600Q, — 600dBm input 

sensitivity) 

• THD=0.004%(f=1kHz, V o =10Vrms) 



L C h c bi, 



Units Resistance : Q 
Capacitance : F 



O _v cc 
(-22.5) 



Ro • 
and 



circuit constants are identical to those of R C h 

C B 2 : Capacitors for buzz prevention, use if required 

Resistor used to prevent parasitic oscillation for capacitive loads 

current limiting with shorted and other abnormal load conditions 



I 

I- 0.05 
Z 

o 

t 0.02 



52 0.01 
□ 

o 

z0. 005 
O 

cc 

< 0. 002 



TOTAL HARMONIC DISTORTION 
VS. OUTPUT VOLTAGE 



o 



: o. 001 



I III 
-V cc =±22. 5V 
_ flat nmnur 


















r J 




































































f= 


20 h 


\z 




























s 


















































7, 








< 


- 













































































































1 3 5 7 10 3 5 7 100 

OUTPUT VOLTAGE V c (Vrms) 



£ 
> 



OUTPUT NOISE VOLTAGE 
VS. LOAD RESISTANCE 



20 



16 



12 



— I III II 

V cc =±22. 5V 

OUTPUT RESISTOR R 0 =1kQ 
THD=0. 1 % 




100 3 5 71k 3 5 710k 3 57100k 
LOAD RESISTANCE R u ( Q ) 



CO 

■o 



z 

0) 



< 
QC 
LU 

(0 

O 

z 

6 

-J 
< 
Z 

o 
if) 



SIGNAL-TO-NOISE RATIO VS. 
SIGNAL SOURCE RESISTANCE 



75 



70 



65 



60 



55 



50. 



— i i i i i i — r— r 
V CC =±22.5V I I 

IHF-A NETWORK 
REFERENCE INPUT 



60dBm 




GENERAL-PURPOSE 
"OPERATIONAL AMPLIFIER 
M5218 ' 



10 



3 5 7100 3 5 71k 3 5 710k 



SIGNAL SOURCE RESISTANCE R g ( Q ) 
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MITSUBISHI LINEAR ICs 

M5209L, P, FP 



DUAL HIGH- VOLTAGE, HIGH S/N OPERATIONAL AMPLIFIERS 

(DUAL POWER SUPPLY TYPE) 



(2) High S/N stereo DC ICL equalizer 



GNDC 



-O+Vcc 
(+22. 5 V) 



TYPICAL CHARACTERISTICS (v cc =±22.5v, riaa) 
S/N=85dB ( IHF-A network, shorted input, 2. 5mVrms input 




sensitivity) 

QUT ♦ V N ,=0.77^Vrms(Rg=5. IkD, BW=5Hz~100kHz) 
" 35.6dB(f=1kHz) 



TOTAL HARMONIC DISTORTION 
VS. OUTPUT VOLTAGE 



"1 — Mil l 
V CC = : ±22.5V 
RIAA I 
REPRODUCTION 
CIRCUIT. 



l_ch circuit constants are 
identical to those of Rch 



Units Resistance • Q 
Capacitance : F 



3 5 7 10 3 5 7 100 

OUTPUT VOLTAGE V Q (Vrms) 
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MITSUBISHI LINEAR ICs 



M5210L, P, FP 

DUAL HIGH-VOLTAGE, HIGH S/N OPERATIONAL AMPLIFIERS 

(DUAL POWER SUPPLY TYPE) 



DESCRIPTION 

The M5210 is a semiconductor integrated circuit designed 
for a preamplifier in audio equipment of stereo and cassette 
tape decks. 

Two low-noise operational amplifier circuits displaying in- 
ternal phase-compensated high gain and low distortion are 
contained in a 8-pin (SIP, DIP), suitable for application as a 
microphone and tone control amplifier of stereo equipment 
and cassette tape decks. 

The unit can also be used as a general-purpose amplifier 
in portable equipment such as a stereo cassette tape recor- 
der of a single power supply type as it operates at a low 
supply voltage. 

FEATURES 

• Low noise V NI =1.0//Vrmstyp.(R g =2.2kQ, FLAT) 

S/N=66dB typ.(R g =600Q, IHF-A network) 
(microphone amplifier, fererence input=— 60dBm) 
Higher S/N ratio by 10dB when compared to ordinary 
operational amplifiers 

• High voltage V CC =±25V(50V) 

• Low maximum input voltage Vj=140mVrms(typ.) 

(V CC =±22.5V, G v =40dB) 

• High gain, low distortion 

G vo =113dB, THD=0.002%(typ.) 

• High slew rate SR=6.5V/^s(typ.) 

• High load current, high power dissipation 

l LP =±50mA, P d =800mW(SIP) 

Pd=625mW(DIP) Pd=440mW(FP) 

APPLICATION 

General-purpose preamplifier in stereo equipment, tape 
decks and radio stereo cassette recorders 

RECOMMENDED OPERATING CONDITIONS 

Supply voltage range ±2~± 22.5V 

Rated supply voltage ±22. 5V 



PIN CONFIGURATION (TOP VIEW) 
SIP 



ch2 



ch1 




J]( + ) POWER SUPPLY 
7] OUTPUT 2 
T\ INVERTED INPUT 2 
|] NON-INVERTED INPUT 2 
T|( — ) POWER SUPPLY 
T) NON-INVERTED INPUT 1 



V]/ L-T] INVERTED INPUT 1 



7] OUTPUT 1 



DIP, MINI FLAT 

OUTPUT 1 |T — 
INVERTED INPUT 1 [T- 



NON-INVERTEDrT 
INPUT 1 L± 
(-) POWER fT 
SUPPLY LZ- 



TIN 



m(+) POWER 

-2J SUPPLY 



OUTPUT 2 



J] INVERTED INPUT 2 
"Tj NON-INVERTED 
-2J|NPUT 2 




8-pin molded plastic SIP 



8-pin molded plastic FP 
(MINI FLAT) 




8-pin molded plastic DIP 



EQUIVALENT CIRCUIT 



INVERTED 
INPUT 1! Qi 




OUTPUT 1 



OUTPUT 2 
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MITSUBISHI LINEAR ICs 

M5210L, P, FP 

DUAL HIGH-VOLTAGE, HIGH S/N OPERATIONAL AMPLIFIERS 

(DUAL POWER SUPPLY TYPE) 



ABSOLUTE MAXIMUM RATINGS (T a =25°C, unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


Vcc 


Supply voltage 




±25(50) 


V 


Lp 


Load current 




±50 


mA 


v ld 


Differential input voltage 




±30 


V 


V,c 


Common input voltage 




±22.5 


V 


Pd 


Power dissipation 




800(SIP)/625(DIP)/440(FP) 


mW 


Ke 


Thermal derating 


T a ^25°C 


8(SP)/6.2&{D1P)/4.4(FP) ~ 


mW/°C 


Topr 


Operating temperature 




-20-+75 


°C 


T stg 


Storage temperature 




-55 — H25 


°C 



ELECTRICAL CHARACTERISTICS (T a =25c, v cc =±22.5v) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


'cc 


Circuit current 


V, n =0 


2.0 


4.0 


8.0 


mA 


V,o 


Input offset voltage 


R s ^10kQ 




0.5 


6.0 


mV 


I.B 


Input bias current 






0.7 




M A 


Gvo 


Open loop voltage gain 


f=100Hz, R L =47kQ,C NF =470^F 


90 


113 




dB 


VoM 


Maximum output voltage 


f=1 kHz, THD=0. 1 %, R L =47kQ , FLAT 


12.5 


14.2 




Vrms 


THD 


Total harmonic distortion 


f=1 kHz, V o =10Vrms, R L =47kQ , FLAT 




0. 002 




% 


Vni 


Input-referred noise voltage 


R g =2. 2kQ, BW=10Hz~30kHz, FLAT 




1.0 


1.5 


yuVrms 


S/N 


Signal to noise ratio 


R g =600Q, G v =40dB, IHF-A network 
Reference input — 60dBm (microphone) 




66 




dB 



TEST CIRCUITS 

(a) Ice. V, 0 (b) G vo 
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ELECTRIC 



MITSUBISHI LINEAR ICs 

M5210L, P, FP 

DUAL HIGH-VOLTAGE, HIGH S/N OPERATIONAL AMPLIFIERS 

(DUAL POWER SUPPLY TYPE) 



TEST CIRCUIT 



Kv NI ) 



2.2k 



(d) V N1 , S/N 

9+Vcc 



BAND PASS FILTER 2(S/N) 
O- 




FLAT Amp 

G v =40dB=100 TIMES (@f=1kHz) 



Unit Resistance . Q 
Capacitance : F 



1. V N ,=V NO i/100(^Vrms) 

2. S/N=20 log [775// Vrms/(V NO 2/100)J (dB) 775// Vrms=—60dBm( microphone reference input voltage) 
* An AC voltmeter V.V with a built-in IHF-A network filter should be used for measuring the S/N ratio. 



TYPICAL CHARACTERISTICS 



THERMAL DERATING 
(MAXIMUM RATING) 



E 



z 

g 

I 

V) 
CO 

G 

QC 
LU 

o 

Q- 



1000 



800 



600 



400 



200 



M5210L 








M5210P X 








M5210I 












r 



















0 25 50 75 100 125 
AMBIENT TEMPERATURE T a (t) 



VOLTAGE GAIN VS. 
FREQUENCY RESPONSE 



140 
120 
100 
80 
60 
40 
20 
0, 



V cc =±22. 5V 
R L =47kQ 































































































10 100 1k 10k 100k 1M 10M 100M 
FREQUENCY f (Hz) 



CIRCUIT CURRENT VS. 
SUPPLY VOLTAGE 



CIRCUIT CURRENT VS. 
AMBIENT TEMPERATURE 



DC 

cr 

D 

O 
H 
D 
O 
QC 

o 



v 


I 

n= 


I 

































































































0 ±5 ±10 ±15 ±20 ±25 
SUPPLY VOLTAGE V cc (V) 



< 

1 4 



z 

LU 

QC 

o: 

D 2 
O 

D 

O 1 
DC 

o 

0 









V, n =0 


h22. 5V 











































-20 0 20 40 60 8( 
AMBIENT TEMPERATURE T a (°C) 



A MITSUBISHI 
ELECTRIC 



2-43 



MITSUBISHI LINEAR ICs 

M5210L, P f FP 

DUAL HIGH-VOLTAGE, HIGH S/N OPERATIONAL AMPLIFIERS 

(DUAL POWER SUPPLY TYPE) 



APPLICATION EXAMPLES 

(1) Stereo FLAT (microphone) amplifier circuit 



IN O 



100k 




OOUT 



TYPICAL CHARACTERISTICS (v cc =±22.5v, flat) 

• G v =40dB (f=1kHz) 

• V N ,=1.0//Vrms(R g =2.2kO, BW=10Hz~30kHz) 

• S/N=66dB (IHF-A network, R g =600Q, — 60dBm input 

sensitivity) 

• THD=0.002%(f=1kHz, V o =10Vrms) 



Units Resistance : Q 
Capacitance : F 



Left channel circuit constants are identical to those of right 
channel 

Cbi, C B 2 : Capacitors for buzz prevention, use if required. 
Ro : Resistor used to prevent parasitic oscillation for capacitive 
loads and current limiting with shorted and other abnormal load 
conditions. 









0.1 


Q 




I 




1- 


0. 05 


Z 




0 




RTI 


0.02 


0 




h- 




co 


0.01 


Q 




O 




Z 


0. 005 


0 








cc 




< 
I 


0.002 






< 
h- 


0. 001 


0 




h- 





TOTAL HARMONIC DISTORTION 
VS. OUTPUT VOLTAGE 



OUTPUT NOISE VOLTAGE 
VS. LOAD RESISTANCE 



i — r r i 

-V cc =±22. 5V 

PI AT niRHI II" 


















r 




































































































/ 


1 


t 






















p 
















































- a 




























-to 







































































1 3 5 7 10 3 5 7 100 

OUTPUT VOLTAGE V 0 (Vrms) 

SIGNAL-TO-NOISE RATIO VS. 
SIGNAL SOURCE RESISTANCE 



i- 
< 
cc 

LU 

CO 

o 
z 

6 

-J 
< 

z 

g 




CD 
< 
I- 

o 
> 
I- 

D 
Q. 
I- 
D 

o 



20 



I I I I I 
V cc = ±22. 5V 

OUTPUT RESISTOR R 0 =1kQ 
-THD=0. 1 % 




3571k 357 10k 35 7 100k 
LOAD RESISTANCE R L ( Q ) 



5 7 10k 



SIGNAL SOURCE RESISTANCE R g ( D ) 
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MITSUBISHI LINEAR ICs 

M5219L, P, FP 

DUAL LOW-NOISE OPERATIONAL AMPLIFIERS (DUAL POWER SUPPLY TYPE) 



DESCRIPTION 

The M5219 is a semiconductor integrated circuit designed 
for a preamplifier in audio equipment of stereo and cassette 
tape decks. 

Two low-noise operational amplifier circuits displaying in- 
ternal phase-compensated high gain and low distortion are 
contained in a 8-pin SIP, DIP or FP, suitable for application 
as an equalizer and tone control amplifier of stereo equip- 
ment and cassette tape decks. 

The unit can also be used as a general-purpose amplifier 
in portable equipment such as a stereo cassette tape recor- 
der of a single power supply type as it operates at a low 
supply voltage. 

FEATURES 

• Low noise V N ,=0.9//Vrms typ.(R g =2.2kQ , RIAA) 

S/N=77dB typ. (Shorted input, IHF-A network) 
(RIAA, PHONO=2.5mVrms) 

• High voltage V CC =±25V(50V) 

• Low PHONO maximum input voltage 

Vj=230mVrms(typ.) 

(V CC =±22.5V, f=1kHz) 

• High gain, low distortion 

G V o=110dB, THD=0.001%(typ.) 

• High slew rate SR=6.5V///s(typ.) 

• High load current, high power dissipation 

l L p=±50mA, Pd=800mW(SIP) 

P d =625mW(DIP), P d =440mW(FP) 

APPLICATION 

General-purpose preamplifier in stereo equipment, tape 
decks and radio stereo cassette recorders. 

RECOMMENDED OPERATING CONDITIONS 

Supply voltage range ±2~±22.5V 

Rated supply voltage ± 22.5V 



PIN CONFIGURATION (TOP VIEW) 
SIP 



ch2 



ch1 




T|( + ) POWER SUPPLY 
T) OUTPUT 2 
T| INVERTED INPUT 2 
5] NON-INVERTED INPUT 2 
T](-) POWER SUPPLY 
3] NON-INVERTED INPUT 1 



vj/ L l] INVERTED INPUT 1 



T] OUTPUT 1 



DIP, MINI FLAT 

OUTPUT 1 \T 

INVERTED INPUT 1 (T 
NON-INVERTED rT 
INPUT 1 Li. 
(-) POWER rr 
SUPPLY Li. 




(-h) POWER 
USUPPLY 

T) OUTPUT 2 
j] INVERTED INPUT 2 

"c~| NON-INVERTED 
-2J|NF 



gPUT 2 




8-pin molded plastic SIP 




8-pin molded plastic FP 8 _ pin mo | de d plastic DIP 
(MINI FLAT) 



EQUIVALENT CIRCUIT 




OUTPUT 1 



OUTPUT 2 
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ABSOLUTE MAXIMUM RATINGS (T a =25°C, unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


Vcc 


Supply voltage 




±25(50) 


V 


Ilp 


Load current 




±50 


mA 


v id 


Differential input voltage 




±30 


V 


Vic 


Common input voltage 




±22. 5V 


V 


Pd 


Power dissipation 




800(SIP)/625(DIP)/440(FP) 


mW 


K0 


Thermal derating 


T a ^25°C 


8(SIP)/6.25(DIP)/4.4(FP) 


mW/°C 


Topr 


Ambient temperature 




-20 — h75 


°C 


T stg 


Storage temperature 




-55 — I- 125 


°C 



ELECTRICAL CHARACTERISTICS (T a -2sr, v co =±22. 5 v) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


'cc 


Circuit current 


V in =0 




3.5 


7.0 


mA 


V,o 


Input offset voltage 


R s ^10kQ 




0. 5, 


6.0 


mV 


I.B 


Input bias current 






0.3 




juA 


Gvo 


Open loop voltage gain 


f=1 00Hz, R L =47kQ , C NF =470 ;u F 


90 


110 




dB 


VoM 


Maximum output voltage 


f=1 kHz, THD=0. 1 %, R L =47kQ , RIAA 


12.5 


14.0 




Vrms 


THD 


Total harmonic distortion 


f=1kHz, V Q =5Vrms, R L =47kQ, RIAA 




0. 001 


0. 03 


% 


V N i 


Input referred noise voltage 


R g =2. 2kQ , BW=1 0Hz~30kHz, RIAA 




0.9 


1.8 


//Vrms 


S/N 


Signal-to-noise ratio 


Shorted input (R g =47Q), IHF-A network 
PHONO=2.5mVrms, RIAA 




77 




dB 



TEST CIRCUITS 

(a) Ice, V lo (b) G vo 
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TEST CIRCUIT 



(d) V NI , S/N 

9+V C c 



BAND PASS FILTER 2(S/N) 
O- 



KV NI ) 



2. 2k 




RIAA EQ 

G v =35.6dB=60 TIMES (@f=1kHz) 



Unit Resistance : Q 
Capacitance : F 



1. V Nl =V NO) /60( M Vrms) 
2.S/N=20log(2.5mVrms/(V NO 2/60) (dB) 
An AC voltmeter V.V with a built-in IHF-A network filter should be used for measuring the S/N ratio 



TYPICAL CHARACTERISTICS 

THERMAL DERATING 
(MAXIMUM RATING) 

1000 



z 

o 



800 



600 



< 

0. 

CO 400 

GO 
Q 
DC 

w 200 
O 



M5219 










M5219P \ 








M5219I 












r 



















0 25 50 75 100 125 
AMBIENT TEMPERATURE T a (°C ) 



VOLTAGE GAIN VS. 
FREQUENCY RESPONSE 





140 




120 






"D 






100 


> 




o 






80 


z 


< 




o 


60 


LU 




0 




< 

\- 


40 


_l 




0 




> 


20 




0 



V cc =±22. 5V 
R L =47kQ 































































































10 100 1k 10k 100k 1M 10M 100M 
FREQUENCY f (Hz) 



< 

J 4 



Z 

LU 

cc 
cc 

D 

o 



CIRCUIT CURRENT VS. 
SUPPLY VOLTAGE 



v 


n= 


I"" " 

0 

































































































0 ±5 ±10 ±15 ±20 
SUPPLY VOLTAGE V cc (V) 



< 

i 4 



I- 
Z 

LU 
CC 
GC 
D 
O 



D 
O 
CC 



0 



CIRCUIT CURRENT VS. 
AMBIENT TEMPERATURE 









Vcc=: 
V, n =0 


b22. 5V 











































20 0 20 40 60 80 
AMBIENT TEMPERATURE T a (°C) 
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APPLICATION EXAMPLES 

(1) Stereo equalizer amplifier circuit 



O+Vcc 
(+22. 5V) 



OUT 
Rch 




Lch + 



Units Resistance • Q 
Capacitance F 



TYPICAL CHARACTERISTICS (v cc =±22.5v, riaa) 

• G v =35.6dB(f=1kHz) 

• V N ,=0.9^Vrms(Rg=2.2kQ,BW=10Hz~30kHz) 

• S/N=77dB(lHF-A network, shorted input, 2. 5mVrms input 

sensitivity) 

• THD=0.001%(f=lkHz,V o =5Vrms) 



L C h circuit constants are identical to those of R C h 

C B i, C B 2 Capacitors for buzz prevention, use if required 

Ro : Resistor used to prevent parasitic oscillation for capacitive 

loads and current limiting with shorted and other abnormal load 

conditions. 



TOTAL HARMONIC DISTORTION 
VS. OUTPUT VOLTAGE 



0.1 
0. 05 

0. 02 
0.01 
0. 005 

0. 002 
0. 001 



I I I I 

— V cc =±22.5> 
i iii 
RIAA CIRCU 


































T 






































































































20 


kH 














































i 




















— . 


=5! 


















20 


Hj 




























1 


KH; 

















1 3 5710 3 571 00 

OUTPUT VOLTAGE V Q (Vrms) 

SIGNAL-TO-NOISE RATIO VS. 
SIGNAL SOURCE RESISTANCE 



i- 
< 

DC 
LU 
CO 

o 
z 

6 

< 
z 

o 

CO 



80 



78 



76 



72 



70 



V cc =±22. 5V 
IHF-A NETWORK 
PHONO=2.5mVrms 



10 3 5 7100 3 5 71k 3 5 710k 



SIGNAL SOURCE RESISTANCE R g ( Q ) 



> 

a. 



INPUT-REFERRED NOISE VOLTAGE 
VS. SIGNAL SOURCE RESISTANCE 



hi 
o 
< 
i- 

O 

> 

LU 
CO 

o 
z 

Q 
HI 
DC 
QC 
LU 
LL 
LU 
DC 

f- 
D 
Cl 

z 



3.2 
2.8 
2.4 
2.0 
1.6 
1.2 
0.8 
0.4 
0 



T I TT 7 T" in 

V cc =±22. 5V 

BW=10Hz~30kHz 
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SIGNAL SOURCE RESISTANCE R g ( Q ) 

OUTPUT VOLTAGE VS. 
LOAD RESISTANCE 
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100 3 5 71k 3 5 710k 3 5 7100k 
LOAD RESISTANCE R L ( Q ) 



2-48 



A MITSUBISHI 
ELECTRIC 



MITSUBISHI LINEAR ICs 

M5219L, P, FP 



DUAL LOW-NOISE OPERATIONAL AMPLIFIERS(DUAL POWER SUPPLY TYPE) 




(2) High S/N stereo DC ICL equalizer circuit 



► 5. 6k 



2sk109A 

47 



5.6k 
3) 



220k f 




_/W\Hl4- 


-< 


680 p 




( 




V 

~7 \ 



2.2 ju 

"Pm5219/^ + + 

1/2 




GND < 



-O+Vcc 
(+22. 5V) 




7.5k 91k 



2SK109A 



rWWVvVi 



Hh 




— O — Vcc 
(-22. 5V) 



-O GND 



TYPICAL CHARACTERISTICS (v cc =±22.5V. riaa) 

• S/N=85dB(IHF-A network, snorted input, 2. 5mVrms input 

sensitivity) 

• V N ,=0. 77 ju Vrms( Rg=5. 1 kQ , BW= 5 Hz— 100kHz) 

• Gv=35.6dB(f=1kHz) 

TOTAL HARMONIC DISTORTION 
^ VS. OUTPUT VOLTAGE 



l_ch circuit constants are identical to those of R C h- 

Units Resistance Q 
Capacitance F 



0.1 

0. 05 



O 

52 0.01 

Q 

o 

Z 0. 005 
O 

DC 

J 0. 002 
_i 

H 0. 001 

o 
I- 

















1 

-\ 


1 II 1 
'cc=±22. 5V 

1 A A 
















- F 
























































































































































































^^2( 


kH 






























IHz 


















f=1 

^4J 


k 

L 


Hz 




4 
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OUTPUT VOLTAGE V Q (Vrms) 
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(3) Tape deck equalizer amplifier circuit 



+V CC 
(+15V) 




L INC P+ l T (g^ 

Units Resistance ■ D 
Capacitance . F 

L-ch circuit constants are identical to those of R C h 



TYPICAL CHARACTERISTICS (v cc =±15v, nab) 

• G v =29. 9dB(f=1kHz) 

• V N ,=1 . Aju Vrms( Rg=2. 2kQ , BW=20Hz~15kHz) 

(-117dBv) 



«N 

~ 0. 1 

G 

I 

0705 

z 

g 

£ 0.02 

o 

w 0.01 
Q 

o 

Z 0. 005 

o 

< 0. 002 

< 0. 001 

o 
I- 



TOTAL HARMONIC DISTORTION 
VS. OUTPUT VOLTAGE 
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AB 














N 












































































\ 


1 


OC 


H; 










































J0kHz\ 


































































* — 1 


























I — 





















1 3 5710 3 571 00 

OUTPUT VOLTAGE V Q (Vrms) 



(4) Typical single power supply application 

PHONO EQUALIZER AMPLIFIER (RIAA) 




47 fx 35 V 
M5219 + Ro lk 



-O V cc 30V 



GND 



56k 4. 7k 2.2/i 
0. 056^0. 01 Q/u 



-qOUT 
Rch 



- 100k 



56k 4. 7k 



-O GND 



0. 056^0.016^ 
+ Ro1k 

fl-AW-i o OUT 



2.2 A 



Lch 



Units Resistance : Q 
Capacitance : F 



> Point A is the V cc /2 point in DC terms (virtual ground) when the 
device is used as a single power supply type 

> C B i, C B 2 : Capacitor for buzz prevention, use if required 

> Ro : Resistor used to prevent parasitic oscillation for capacitive loads 
and current limiting with shorted and other abnormal conditions. 



TYPICAL CHARACTERISTICS (v cc =+30v, riaa) 

• G v =35.6dB(f=1kHz) 

• V N ,=0.9^Vrms(R g =2.2kQ, BW=10Hz~30kHz) 

• S/N=77dB (IHF-A network, shorted input, 2. 5mVrms 

input sensitivity) 



TOTAL HARMONIC DISTORTION 
VS. OUTPUT VOLTAGE 
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0. 1 


Q 


I 






0. 05 


Z 
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0. 03 


h- 

GC 
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DC 
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_J 




< 

y- 
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DESCRIPTION 

The M5220 is a semiconductor integrated circuit designed 
for a preamplifier in audio equipment of stereo and cassette 
tape decks. 

Two low-noise operational amplifier circuits displaying in- 
ternal phase-compensated high gain and low distortion are 
contained in a 8-pin SIP, DIP or FP, suitable for application 
as an equalizer and tone control amplifier of stereo equip- 
ment and cassette tape decks. The unit can also be used as 
a general-purpose amplifier in portable equipment such as 
a stereo cassette tape recorder of a single power supply 
type as it operates at a low supply voltage. 

FEATURES 

• Low noise V N ,=0.75^Vrms typ.(R g =2.2kQ, RIAA) 

S/N=83dB typ. (Shorted input, IHF-A network) 
(RIAA, PHONO=2.5mVrms) 

• High voltage V CC =±25V(50V) 

• Low PHONO maximum input voltage 

Vj=235mVrms(typ.) 

(V CC =±22.5V, f=1kHz) 

• High gain, low distortion 

G V o=113dB, THD=0.001%(typ.) 

• High slew rate SR=6.5V//*s(typ.) 

• High load current, high power dissipation 

l LP =±50mA, P d =800mW(SIP) 

Pd=625mW(DIP) 
Pd=440mW(FP) 

APPLICATION 

General-purpose preamplifier in stereo equipment, tape 
decks and radio stereo cassette recorders. 

RECOMMENDED OPERATING CONDITIONS 

Supply voltage range ±2~±22.5V 

Rated supply voltage ± 22.5V 



PIN CONFIGURATION (TOP VIEW) 
SIP 

) POWER SUPPLY 



T) OUTPUT 2 



12 T J 
/\ r— If] INVERTED INPUT 2 
I — ±==! — ^5] NON-INVERTED INPUT 2 
T|(-) POWER SUPPLY 

ill T| NON-INVERTED INPUT 1 

\]7 L 2] INVERTED INPUT 1 
L T] OUTPUT 1 



DIP, MINI FLAT 

OUTPUT l|T 

INVERTED INPUT l|T 

NON-INVERTEDpr 
INPUT ILL 
(-) POWER fj 
SUPPLY L- 1 -! 




-Tl(-h) POWER 
-2J SUPPLY 
T) OUTPUT 2 

^ 6] INVERTED INPUT 2 

T~| NON-INVERTED 
-2-1 INPUT 2 




8-pin molded plastic SIP 



8-pin molded plastic FP 
(MINI FLAT) 




8-pin molded plastic DIP 



EQUIVALENT CIRCUIT 




OUTPUT 1 



OUTPUT 2 
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ABSOLUTE MAXIMUM RATINGS (T a =25°C, unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


V cc 


Supply voltage 




±25(50) 


V 


Ilp 


Load current 




±50 


mA 


Vid 


Differential input voltage 




±30 


V 


V, c 


Common input voltage 




±22.5 


V 


Pd 


Power dissipation 




800(SIP)/625(DIP)/440(FP) 


mW 


K<? 


Thermal derating 


T a ^25°C 


8(SIP)/6.25(DIP)/4.4(FP) 


mW/°C 


Topr 


Ambient temperature 




-20 — 1-75 


°C 


Tstg 


Storage temperature 




-55—+125 


°C 



ELECTRICAL CHARACTERISTICS (Ta-ast, v cc =±22.5v) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


'cc 


Circuit current 


V, n =0 




4.0 


8.0 


mA 


V,o 


Input offset voltage 


R s ^10kQ 




0. 5 


3.0 


mV 


l,B 


Input bias current 






0.7 




//A 


Gvo 


Open loop voltage gain 


f = 1 00Hz, R L =47k Q , C NF =470 ju F 


90 


113 




dB 


Vom 


Maximum output voltage 


f=l kHz, THD=0. 1 %, R L =47kQ , RIAA 


12.5 


14.2 




Vrms 


THD 


Total harmonic distortion 


f=1 kHz, V 0 =5Vrms, R L =47kQ , RIAA 




0. 001 


0. 03 


% 


v N , 


Input referred noise voltage 


Rg=2. 2kQ, BW=10Hz~30kHz, RIAA 




0. 75 


1.8 


//Vrms 


S/N 


Signal-to-noise ratio 


Shorted input (Rg=47Q ), IHF-A network 
PHONO=2. 5mVrms, RIAA 




83 




dB 



TEST CIRCUITS 



10k 




(b) G v 



9+Vcc 



3.3// + 47 



100-V.o 




G vo =20log V 0 /V, [dB) 



+ 47 

SQ I 3.3 M !00k< 



777 
100 

220//; 



(c) Vqm, THD 

? +Vcc 




6-Vc 



/ WWA/W- 
56k 14. 7k 

-HI — II— 



0.056// 0.016/. 




Unit Resistance : Q 
Capacitance : F 
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TEST CIRCUIT 



(d) V NI , S/N 

9+Vcc 



BAND PASS FILTER 2(S/N) 
O — 



KV NI ) 



2. 2k 




V N Q2 



RIAA EQ 

G v =35.6dB=60 TIMES (@f=1kHz) 



Unit Resistance : Q 
Capacitance F 



1. V NI =V NO i/60(^Vrms) 

2. S/N=20 log C2.5mVrms/(V N02 /6o)] (dB) 

* An AC voltmeter V.V with a built-in IHF-A network filter should be used for measuring the S/N ratio. 



TYPICAL CHARACTERISTICS 



THERMAL DERATING 
(MAXIMUM RATING) 
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R L =47kQ 































































































AMBIENT TEMPERATURE T a (°C) 
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APPLICATION EXAMPLES 

(1) Stereo equalizer amplifier circuit 




GND 



,N i 



Resistance . Q 
Capacitance : F 



TYPICAL CHARACTERISTICS (v cc =±22.5v, riaa) 

• G v =35.6dB(f=1kHz) 

. v N ,=0.75^Vrms(R g =2.2kQ, BW=10Hz~30kHz) 

• S/N=83dB (IHF-A network, shorted input, 2. 5mVrms input 

sensitivity) 

• THD=0.001%(f=1kHz, V 0 =5Vrms) 



L C h circuit constants are identical to those of R C h 

C B i, C B 2 : Capacitors for buzz prevention, use if required. 

Ro : Resistor used to prevent parasitic oscillation for capacitive 

loads and current limiting with shorted and other abnormal load 

conditions 



TOTAL HARMONIC DISTORTION 
VS. OUTPUT VOLTAGE 
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INPUT-REFERRED NOISE VOLTAGE 
VS. SIGNAL SOURCE RESISTANCE 
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OUTPUT VOLTAGE V Q (Vrms) 

SIGNAL-TO-NOISE RATIO VS. 
SIGNAL SOURCE RESISTANCE 
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V cc =±22. 5V 
IHF-A NETWORK 
PHONO=2. 5mVrms 
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SIGNAL SOURCE RESISTANCE R g ( Q ) 

OUTPUT VOLTAGE VS. 
LOAD RESISTANCE 
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V cc =±22. 5V 
OUTPUT RESISTANCE R 0 =1kQ 
THD=0. 1 % 
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OUTPUT VOLTAGE VS. SUPPLY VOLTAGE HUM REJECTION VS. FREQUENCY 




SUPPLY VOLTAGE V CC (V) FREQUENCY f (Hz) 



(2) Stereo deck equalizer amplifier circuit 



+V C 



Rch 



GND 



Lch 




Units Resistance Q 
Capacitance : F 

L C h circuit constants are identical to those of R C h 



(-15V) 



TYPICAL CHARACTERISTICS (v cc =±15v, nab) 

• G v =29.9dB(f=1kHz) 

• V NI =1.0 / /Vrms(R g =2.2kQ, BW=20Hz~15kHz) 

( — 120dBv) 
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DUAL LOW-NOISE OPERATIONAL AMPLIFIERS (DUAL POWER SUPPLY TYPE) 



(3) Typical single power supply application 

PHONO EQUALIZER AMPLIFIER (RIAA) 



OV CC 30V 



OUT 
Rch 




TYPICAL CHARACTERISTICS (v cc =+30v, riaa) 

• G v =35.6dB(f=1kHz) 

• V N ,=0. 75^Vrms(R g =2. 2kQ , BW=10Hz~30kHz) 

• S/N=83dB (IHF-A network, shorted input, 2. 5/zVrms input 
sensitivity) 

TOTAL HARMONIC DISTORTION 
VS. OUTPUT VOLTAGE 



GND 



Resistance . Q 
Capacitance F 



> Point A is the V C c/2 point in DC terms (virtual ground) when 
the device is used as a single power supply type. 

> C B ii C B 2 : Capacitor for buzz prevention, used if required 

> Ro : Resistor used to prevent parasitic oscillation for capacitive loads 
and current limiting with shorted and other abnormal conditions 
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M5221L, P, FP/MST082P 

DUAL J-FET INPUT OPERATIONAL AMPLIFIERS 



DESCRIPTION 

The M5221/M5T082P are semiconductor integrated circuits 
designed as high-performance dual operational amplifiers 
which adopt J-FETs in the input stage. 

The devices come in an 8-pin SIP, DIP or FP and contain 
two circuits for yielding a high input impedance, high slew 
rate, low bias current and other excellent characteristics. 
They can be widely used as a general-purpose operational 
amplifiers in stereo equipment, tape decks, digital audio 
disc players and other similar products as well as in VTRs, 
video disc players and video related players. 

FEATURES 

• High input impedance due to J-FET input 

Rj=1000MQ(typ.) 

• High slew rate SR=13V///s(typ.) 

• High gain, low distortion G vo =106dB, THD=0.007% 

(G v =40dB @f=1kHz)(typ.) 

• Large laod current and allowable current 

l LP =±50mA, Pd=800mW(SIP) 

P d =625mW(DIP) 
Pd=440mW(FP) 

APPLICATION 

General-purpose preamplifier in stereo equipment, tape 
decks and digital audio disc players, VTRs and video disc 
players. 



PIN CONFIGURATION (TOP VIEW) 
SIP 

) POWER SUPPLY 



ch2 



ch1 




w- 

7] OUTPUT 2 

T] INVERTED INPUT 2 

If] NON-INVERTED INPUT 2 

T|( — ) POWER SUPPLY 

T) NON-INVERTED INPUT 1 

T] INVERTED INPUT 1 

T] OUTPUT 1 



DIP, MINI FLAT 

OUTPUT 1 [T 

INVERTED INPUT 1 |T 
NON-INVERTED pr 
INPUT 1 Ll 

(-) power rr 

SUPPLY 1 — . 




+ ) POWER 
SUPPLY 

7] OUTPUT 2 
If] INVERTED INPUT 2 

NON-INVERTED 

2J\\ 



JlNPUT 2 




8-pin molded plastic SIP 




8-pin molded plastic FP 

(MINI FLAT) 8-pin molded plastic DIP 



EQUIVALENT CIRCUIT 



+ I 3 J 

NON- 
INVERTED 
NPUT 1| 



INVERTED 
INPUT 1| Qi 



<3> 



OUTPUT 1 



<2> 




<3)- v c 



(-) 

POWER 
SUPPLY 



OUTPUT 2 
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DUAL J-FET INPUT OPERATIONAL AMPLIFIERS 



ABSOLUTE MAXIMUM RATINGS (T a =25°C, unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


Vcc 


Supply voltage 




±18 


V 


Ilp 


Load current 




±50 


mA 


Vid 


Differential input voltage 




±30 


V 


V ic 


Common input voltage 




±15 


V 


Pd 


Power dissipation 




800(SIP)/625(DIP)/440(FP) 


mW 


K8 


Thermal derating 


T a ^25°C 


8(SIP)/6.25(DIP)/4.4(FP) 


mW/°C 


Topr 


Operating temperature 




-20 — h75 


°C 


T stg 


Storage temperature 




-55 — H25 


°c 



ELECTRICAL CHARACTERISTICS (T a =2 5 c, v cc =±15v) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


'cc 


Circuit current 


V, n =0 




3.0 


6.0 


mA 


V,o 


Input offset voltage 


R s ^10kQ 




5.0 


15.0 


mV 


lio 


Input offset current 






5 


200 


pA 


I.B 


Input bias current 






30 


400 


PA 


Rin 


Input resistance 






10 3 




MQ 


Gvo 


Open loop voltage gain 


R L ^2kQ, V o =±10V j 


86 


106 




dB 


Vom 


Maximum output voltage 


R L ^10kQ 1 


±12 


±14 




V 


R L ^2kQ 


±10 


±13 




V CM 


Common input voltage width 




±10 


12 




V 


CMRR 


Common mode rejection ratio 


R s ^10kD 


70 


76 




dB 


SVRR 


Supply voltage rejection ratio 


R s ^10kQ 




30 


150 


//V/V 


Pd 


Power dissipation 






90 


180 


mW 


SR 


Slew rate 


G v =0dB, R u =2kQ 




13 




V//*s 


fx 


Gaing bandwidth product 






3 




MHz 


V N . 


Input-referred noise voltage 


R S =100Q, BW=10Hz~ 30kHz 




2.2 




fj. Vrms 



TYPICAL CHARACTERISTICS 
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DUAL J-FET INPUT OPERATIONAL AMPLIFIERS 



OUTPUT VOLTAGE VS. 
LOAD RESISTANCE 



MAXIMUM OUTPUT VOLTAGE 
VS. SUPPLY VOLTAGE 
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SLEW RATE (SR) CHARACTERISTICS 



V CC =±15V 
R L =2kQ 
C L =100pF- 
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DUAL J-FET INPUT OPERATIONAL AMPLIFIERS 



APPLICATION EXAMPLE 
40dB Flat Amp 



IN 

O— 



:100k 



rrr 




32:33^ 
Trr 



Units Resistance : Q 
Capacitance : F 

TYPICAL CHARACTERISTICS 

• V CC =±15V 

• G v =40dB (f=1kHz) 
•V 0 =9.5Vrms (f=1kHz, THD=0.1%) 
•THD=0.007% (f=1kHz, V 0 =7Vrms) 
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M5238L, P, FP 



DUAL LOW-NOISE J-FET INPUT OPERATIONAL AMPLIFIERS 



DESCRIPTION 

The M5238 is a semiconductor integrated circuit designed 
as a low-noise Bi-FET operational amplifier which adopts 
J-FETs in the input stage. Noise reduction characteristic in 
the input stage has been improved by 3 - 4dB, when com- 
pared with the M5221 general-purpose Bi-FET operational 
amplifier, and two circuits for yielding a high input impe- 
dance, high slew rate and low bias current and other excel- 
lent characteristics, are housed in an 8-pin SIP, DIP or FP. 

It can be widely used as a general-purpose operational 
amplifier in stereo equipment, tape decks, digital audio disc 
players and other similar products as well as in VTRs, video 
disc players and video related players. 

FEATURES 

• Low noise, input-referred noise V N |=1.9yuVrms(typ.) 

(R s =100kQ BW10Hz~30kHz FLAT) 
S/N=73dB(typ.) 

(Shorted input, RIAA, IHF-A network, PHONO 2.5mVrms) 

• High input impedance due to J-FET input 

Rj=1000MQ(typ.) 

• High slew rate S R =20V/^s(typ.) 

• High gain, low distortion 

G vo =100dB(typ.), THD=0.002% 

(G v =35.6dB, RIAA, V 0 =5Vrms) 

• Large load current and allowable current 

l LP =±50mA, Pd=800mW(SIP) 

P d =625mW(DIP), P d =440mW(FP) 

APPLICATION 

General purpose preamplifier in stereo equipment, tape 
decks and digital audio disc players, VTRs and video disc 
players. 

RECOMMENDED OPERATING CONDITIONS 

Supply voltage range ±5~±15V 

Rated supply voltage ±15V 



PIN CONFIGURATION (TOP VIEW) 
SIP 



ch2 



ch1 




¥)( + ) POWER SUPPLY 
7] OUTPUT 2 
JT) INVERTED INPUT 2 
jTJ NON-INVERTED INPUT 2 
T]( — ) POWER SUPPLY 
T] NON-INVERTED INPUT 1 
T\ INVERTED 
T] OUTPUT 1 



vT7 L J] INVERTED INPUT 1 



DIP, MINI FLAT 

OUTPUT 1 [T 

INVERTED INPUT 1 [T 

NON-INVERTED FT 
INPUT 1 Li 
(-) POWER IT 
SUPPLY 1 — 




+ ) POWER 
SUPPLY 
7] OUTPUT 2 

If] INVERTED INPUT 2 
j^j NON-INVERTED 



J INPUT 2 



8-pin molded plastic SIP 




8-pin molded plastic FP 

(MINI FLAT) 8-pin molded plastic DIP 



EQUIVALENT CIRCUIT 
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INPUT 11 



INVERTED 
INPUT 11 Qi 
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OUTPUT 1 
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OUTPUT 2 
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POWER 
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DUAL LOW-NOISE J-FET INPUT OPERATIONAL AMPLIFIERS 



ABSOLUTE MAXIMUM RATINGS (T a =25 0 C, unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


V C c 


Supply voltage 




±18 


V 


Ilp 


Load current 




±50 


mA 


v ld 


Differential input voltage 




±30 


V 


Vic 


Common input voltage 




±15 


V 


Pd 


Power dissipation 




800(SIP)/625(DIP)/440(FP) 


mW 


K<? 


Thermal derating 


T a ^25°C 


8(SIP)/6.25(DIP)/4.4(FP) 


mW/°C 


Topr 


Ambient temperature 




—20 — h75 


°C 


T stg 


Storage temperature 




-55 — 1-125 


"C 



ELECTRICAL CHARACTERISTICS (T a =25c, v cc =±15v) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


'cc 


Circuit current 


V in =0 




5.8 


9.0 


mA 


V,o 


Input offset voltage 


R s ^10kQ 




2.0 


10.0 


mV 


'io 


Input offset current 






5 


200 


PA 


I.B 


Input bias current 






30 


400 


PA 


Rin 


Input resistance 






10 3 




MQ 


Gvo 


Open loop voltage gain 


R L ^2kQ, V o =±10V 


86 


106 




dB 


Vom 


Maximum output voltage 


R L ^10kQ 


±12 


±14 




V 


R L ^2kQ 


±10 


±13 




VcM 


Common input voltage width 




±10 


±12 




V 


CMRR 


Common mode rejection ratio 


R s ^10kQ 


70 


76 




dB 


SVRR 


Supply voltage rejection ratio 


Rs^lOkQ 




30 


150 


//V/V 


Pd 


Power dissipation 






174 


270 


mW 


SR 


Slew rate 


G v =0dB, R L =2kQ 




20 




V/juS 


fx 


Gain bandwidth product 






6 




MHz 


V N . 


Input referred noise voltage 


R S =100Q , BW=10Hz~30kHz 




1.9 




fx Vrms 



TYPICAL CHARACTERISTICS 
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DUAL LOW-NOISE J-FET INPUT OPERATIONAL AMPLIFIERS 



APPLICATION EXAMPLE 

40dB Flat Amp + Vcc 
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TYPICAL CHARACTERISTICS 

• V CC =±15V 

• G v =40dB(f=1kHz) 

• V 0 =9. 5Vrms(f=1kHz,THD=0. Wo) 

• THD=0. 007%(f=1kHz, V 0 =7Vrms) 



2 3 5 7 10 20 30 50 
OUTPUT VOLTAGE V Q (Vrms) 



APPLICATION EXAMPLE 

Stereo equalizer amplifier circuit 



4.7// 

R 390 + 
IN 05 — f-^VW" 




Units Resistance • Q 
Capacitance : F 



.-fVcc 
(+15V) 



+ 1k R 
AWr-t — OQUT 



OG 



OUT 



(-15V) 



TYPICAL CHARACTERISTICS (V CC =±15V, riaa) 

• G v =35.6dB(f=1kHz) 

• V N , = 1 . 9 fx Vrms( R s = 100Q, BW=20Hz~30kHz ) 

• S/N=73dB (IHF-A network, shorted input, 2.5mVrms 

input sensitivity) 

• THD=0.001%(f=1kHz,V o =7Vrms) 

TOTAL HARMONIC DISTORTION 
VS. OUTPUT VOLTAGE 




L C h circuit constants are identical to those of R C h 

C B i, C B 2 : Capacitors for buzz prevention, use if required. 

Ro : Resistor used to prevent parasitic oscillation for capacitive 

loads and current limiting with shorted and other abnormal 

load conditions. 



2 5 10 20 
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DUAL LOW-NOISE J-FET INPUT OPERATIONAL AMPLIFIERS 



DESCRIPTION 

The M5240P is a semiconductor integrated circuit designed 
as a low-noise Bi-FET operational amplifier which adopts 
J-FETs in the input stage. The device comes in a 16-pin 
DIP and contains two circuits for yielding high sound quality, 
high input impedance, high slew rate and low distortion 
characteristics. It can be widely used as an operational 
amplifier in stereo equipment, tape decks, and as preampli- 
fier for digital audio disc players and other similar products, 
mixer for public announcement or LM, high fidelity VTRs. 

FEATURES 

• Low noise S/N=82dB(typ.) 

(shorted input, RIAA, IHF-A, PHONO 2.5mVrms) 

• High slew rate SR=40V/ / «s(typ.) 

(Variable by extermally connected RC due to external 
phase compensation type) 

• High input impedance Rj=1000MQ (typ.) 

• Low distortion rate THD=0.001%(typ.) 

(f=1kHz, RIAA, V 0 =5Vrms) 

• Large load current and allowable current 

l LP =±50mA 

Pd=1W 

APPLICATION 

Amplifier in stereo equipment, tape decks and digital audio 
disc players, mixer. 

RECOMMENDED OPERATING CONDITIONS 

Supply voltage range ±5~±15V 

Rated supply voltage ±15V 



PIN CONFIGURATION (TOP VIEW) 



NON-INVERTED rf 
INPUT 1 LL. 
INVERTED INPUT 1 [T 

E 
E 
[I 
E 

OUTPUT 1 \T 

(+) power nr 



PHASE 

COMPENSATION 1 



SUPPLY L 



o 



Tc] NON-INVERTED 
±2I|NPUT2 

V5]lNVERTED INPUT 2 

m 
m 
m 

13 

TO] OUTPUT 2 

-q-|(-) POWER 
.-^SUPPLY 



PHASE 
COMPENSATION 2 




16-pin molded plastic DIP 



EQUIVALENT CIRCUIT 



(+) 

POWER 




PHASE OUTPUT 1 OUTPUT 2 PHASE 

COMPENSATION 1 COMPENSATION 2 
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M5240P 



DUAL LOW-NOISE J-FET INPUT OPERATIONAL AMPLIFIERS 



ABSOLUTE MAXIMUM RATINGS (T a =25°C, unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


V cc 


Supply voltage 




±18 


V 


Ilp 


Load current 




±50 


mA 


v, d 


Differential input voltage 




±30 


V 


V,c 


Common input voltage 




±15 


V 


Pd 


Power dissipation 




1000 


mW 




Thermal derating 


T a ^25°C 


10 


mW/°C 


Topr 


Ambient temperature 




-20 — h75 


°C 


T stg 


Storage temperature 




-55—+125 


°C 



ELECTRICAL CHARACTERISTICS <r a =25c, v cc =±15v) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


'cc 


Circuit current 


V m =0 




12.0 


17.0 


mA 


V,o 


Input offset voltage 


R s ^10kQ 




5.0 


15.0 


mV 


l.o 


Input offset current 






25 


1000 


pA 


lie 


Input bias current 






120 


2000 


PA 


Rin 


Input resistance 






10 3 




MQ 


Gvo 


Open loop voltage gain 


R L ^2kQ, V o =±10V 




110 




dB 


VoM 


Maximum output voltage 


R L ^10kQ 


±12 


±14 




V 


R L ^2kQ 


±10 


±13 




V C M 


Common input voltage width 




±10 


±12 




V 


CMRR 


Common mode rejection ratio 


R s ^10kO 


70 


76 




dB 


SVRR 


Supply voltage rejection ratio 


R s ^10kQ 




30 


150 




Pd 


Power dissipation 






360 


510 


mW 


SR 


Slew rate 


G v =16.5dB 




40 




V/^s 


h 


Gain bandwidth product 






18 




MHz 


e n 


Equivalent input refferred noise voltage 


R S =100Q, BW=10Hz~30kHz 




3.3 




nV//Hz 


V N , 


Rg=2. 2k Q , RIAA EQ 




1.2 


2.5 


fx Vrms 


S/N 


Signal-to-noise voltage ratio 


Rg=47Q , RIAA EQ, IHF-A 




82 




dB 



TYPICAL CHARACTERISTICS 



THERMAL DERATING 
(MAXIMUM RATING) 




0 25 50 75 100 125 



AMBIENT TEMPERATURE T a (°C) 



CIRCUIT CURRENT VS. 
SUPPLY VOLTAGE 



15 



V ir 


=0 



















































































































0 ±10 ±20 

SUPPLY VOLTAGE V cc (V) 
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M5240P 



DUAL LOW-NOISE J-FET INPUT OPERATIONAL AMPLIFIERS 



VOLTAGE GAIN VS. OUTPUT VOLTAGE VS. 

FREQUENCY RESPONSE SUPPLY VOLTAGE 




10 100 1k 10k 100k 1M 10M 100M 0 ±10 ±20 

FREQUENCY f (Hz) SUPPLY VOLTAGE V CC (V) 



TOTAL HARMONIC DISTORTION 
VS. OUTPUT VOLTAGE 




0. 001 



1 2 3 5 7 10 

OUTPUT VOLTAGE V Q (V) 



VOLTAGE GAIN VS. SUPPLY VOLTAGE 

160 




0 ±10 ±20 

SUPPLY VOLTAGE V cc (V) 



OUTPUT VOLTAGE VS. 
LOAD RESISTANCE 



E 
> 



o 
> 



CD 
< 

o 
> 
i- 

D 
CL 
V- 
3 
O 




100k 



LOAD RESISTANCE R L ( Q ) 



INPUT OFFSET VOLTAGE 
VS. SUPPLY VOLTAGE 




±20 



SUPPLY VOLTAGE V cc (V) 
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MITSUBISHI LINEAR ICs 

M5240P 



DUAL LOW-NOISE J-FET INPUT OPERATIONAL AMPLIFIERS 



TYPICAL APPLICATION EXAMPLES 

1. G v =20dB FLAT AMP 



PHASE COMP 




2. STEREO EQUALIZER AMP 



PHASE COMP 
27010233p 



(TYlO) + 3 ' 3 P 1 k OUTPUT 




Unit Resistance : Q 
Capacitance : F 



TYPICAL CHARACTERISTICS (v C c=±15v, riaa) 

• G v =35.6dB(f=1kHz) 

• V N ,= 1.2 < «Vrms(Rg=2.2kQ, BW=10Hz~30kHz) 

• THD=0. 001%(f=1kHz, V 0 =5Vrms) 

• S/N=82dB (IHF-A network, shorted input, 2.5mrms 

input sensitivity) 



3. HIGH SLEW RATE FLAT AMP 



+V C 




V cc =±15, FLAT 
G v =16. 5dB 
SR=40V//^s 




Unit Resistance : O 
Capacitance : F 



0 © 



1.2k 0.01 



22p 



Phase compensation 

SR +40V//iS 
— 40V/ /iS 
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MITSUBISHI LINEAR ICs 

M5201L, P, FP 

GENERAL PURPOSE SWITCHING OPERATIONAL AMPLIFIER 
(DUAL INPUT,SINGLE OUTPUT TYPE) 



PIN CONFIGURATION (TOP VIEW) 
SIP 

+ ) POWER SUPPLY 
7]( + ) INPUT B 
?]( — ) INPUT B 
T| OUTPUT 

T)( — ) POWER SUPPLY 
T]( — ) INPUT A 
T]( + ) INPUT A 
T|SW CONTROL 




DIP, MINI FLAT 



( — ) INPUT 

) POWE 
SUPPLY 



jf] H-) POWER 



SWCONTROL[T- . U^-J SUPPLY 

( + ) INPUT a[T-^ || |-^-T|( + ) INPUT B 

sIPUT B 
I OUTPUT 



A[T-i Y |L y in 



(-) POWER qH t^-T]( 




DESCRIPTION 

The M5201 is a semiconductor integrated circuit designed 
for an operational amplifier which adopts analog switch func- 
tion, having dual inputs of A and B and a single output. The 
device comes in an 8-pin SIP, DIP or FP and contains input 
differential circuits of A and B type, single output circuit and 
a switching circuit of an operational amplifier, and can be 
used as a conventional operational amplifier, turning on A or 
B inputs by externally setting the control pin at high or low 
level. For a voltage follower condition where G v = 0dB, the 
device functions merely as an analog switch, but, for an 
amplifier with a switching function, gain can be set indepen- 
dently for A and B inputs. The M5201 operational amplifier 
has basic characteristics similar to those of the M5218/ 
M5R4558P and can be widely used as audio, video and 
musical instrument equipments. 

FEATURES 

• Operational amplifier inputs of A and B type and gain can 
be set independently 

• Applicable to both single and dual power supplies 

• High gain, low distortion 

G vo =100dB, THD=0.002%(typ.) 

• High slew rate, high f T SR=2.2V///s, f T =7MHz(typ.) 

• Low noise (R s =1kQ) FLAT V N ,=2//Vrms(typ.) 

• Small switching shock noise 

• Large-current, large allowable dissipation 

l LP =±50mA, P d =800mW(SIP) 

P d =625mW(DIP) 
P d =440mW(FP) 

RECOMMENDED OPERATING CONDITIONS 

Supply voltage range ±2.5~±16V 

Rated supply voltage ±15V 

EQUIVALENT CIRCUIT 



8-pin molded plastic SIP 




(MINI FLAT) 8 ~P' n molded plastic DIP 




OUTPUT CONTROL 
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MITSUBISHI LINEAR ICs 

M5201L, P, FP 



GENERAL PURPOSE SWITCHING OPERATIONAL AMPLIFIER 
(DUAL INPUT,SINGLE OUTPUT TYPE) 



ABSOLUTE MAXIMUM RATINGS 



Symbol 


Parameter 


Ratings 


Unit 




V cc 


Supply voltage 


±18(36) 


V 


v id 


Differential input voltage 


±30 


V 


V,c 


Common phase input voltage 


±15 


V 


Ilp 


Load current 


±50 


mA 


Pd 


Power dissipation 


800(SIP)/625(DIP)/440(FP) 


mW 


Topr 


Ambient temperature 


-20 — H75 


°C 


Tstg 


Storage temperature 


-55 — H25 


°C 


ELECTRICAL CHARACTERISTICS (v cc =±i5v) 




Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


• cc 


Circuit current 


V, n 


SW ON 




2.3 


6.0 


mA 


SW 'OFF 




2. 1 


6.0 


V,o 


Input offset voltage 


R s =10kQ 




0.8 


6.0 


mV 


Ib 


Input bias current 






80 


500 


nA 


Gvo 


Open loop voltage gain 


R L =2kQ 




100 




dB 


VoM 


Maximum output voltage 


R L ^10kQ 


±12 


±14 




V 


THD 


Total harmonic distortion 


f=1 kHz, V Q =5Vrms, G v =20dB 




0.002 




% 


SVR 


Supply voltage rejection ratio 






20 


150 




OS 


Channel separation 


f=1kHz 




82 




dB 


fx 


Gain bandwidth product 


G v =0dB 




7 




MHz 


SR 


Slew rate 


G v =0dB, R L =2kQ//100pF 




2.2 




V//2S 


V N i 


Input refferred noise voltage 


R s =1kQ, BW=10Hz~30kHz, Flat 




2.0 




juVrms 



TYPICAL APPLICATION EXAMPLE 




When current at the control pin 1 is on, ch. B is turned on Units Resistance O 

and, when the current is off, ch B is turned on Capacitance : F 
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QUICK REFERENCE TABLE OF COMPARATORS 



R 








Maximum ratings 


Electrical characteristics (Typical characteristics) 






Applicatic 


Type No. 


Function 


Features 


Operating 
supply 
voltage 
range 

V cc 

(v) 


Power 
dissipation 

Pd 
(mW) 


Circuit 
current 

'cc 
(mA) 


Output 

sink 
current 

•sink 
(mA) 


Input 
offset 
voltage 
V lo 
(mV) 


Input 
bias 
current 

Ib 
(nA) 


Response 
time 

(juS) 


Equivalent 


Package 
outline 




M51201 




• Operates at low supply 
voltage 

• Large output sink current 


1 . 7—6. 5 




2 


60 

(atV o =0.3V) 




8 


0.2 

( Rise of output) 
50 

(Fall of output) 


— 






M51203 


Single 

(built-in reference vol- 
tage circuit for 
comparision) 


• Wide supply voltage range 

• Large output sink current 


3. 0-28 




2 


60 

(atV o =0.3V) 




20 


1.0 

( Pico nf mitnnt i 
\nioc ui uuiuuty 

10 

(Fallot output) 


— 


TL: 5-pin SIP 


tmparator 


M51205 




• Large output sink current 


Including zener 

Hi/vta fiv oh iint 

regulator 


TL:1 80 


1.9 


60 

(atV o =0.3V) 




20 


1.0 

(Pico rrf mitniitl 

10 

(Fall of output) 


— 




Single cc 


M51202 




• Operates at low supply 
voltage 

• Large output sink current 


1 . 7—6. 5 


FP:300 


1.7 


60 

(atV o =0.3V) 


2 


8 


0.2 

(Rise of output) 
50 

(Fall of output) 


- 


mini FLAT 




M51204 


Single 


• Wide supply voltage range 

• Large output sink current 


2. 5—28 




1.8 


60 

(atV o =0.3V) 


2 


20 


1.0 

(Rise of output) 
10 

(Fallot output) 


- 




M51206 




• Large output sink current 


Including zener 
diode for shunt 
regulator 




1.8 


60 

(atV o =0.3V) 


2 


20 


1.0 

i Rico nf mitnnt 1 
vniot; ui uuifjul/ 

10 

(Fall of output) 


— 






M51207L 




• Wide supply voltage range 

• Large output sink current 


2. 5—28 


650 


3.8 


60 

(atV o =0.2V) 


2 


20 


2.0 

( Rica nf mitnnt 1 
\nioc ui uuiuuiy 

1.0 

(Fall of output) 


Functional 
equivalent of 
AN6916 


L: 8-pin SIP 


arator 


M51922L 


Dual 


• Wide supply voltage range 

• Low power dissipation 


2. 5—28 


650 


1.5 

(All output ON) 

0.4 
(All output OFF) 


20 

(atV o =0.15V) 


2 


25 


2.0 

(Rise of output) 

0.2 
(Fallot output) 


- 




Dual comp 


M51923 




• Wide supply voltage range 

• Low power dissipation 


2. 5—28 


650 
(M51923P) 

300 
(M51923FP) 


1.5 

(All output ON) 

0.4 
(All output OFF) 


20 

(atV o =0.15V) 


2 


25 


2.0 

(Rise of output) 

0.2 
(Fall of output) 


2903 


L 8-pin ^^fe^ 
SIP 

FP- 8-pin 

mini ^tffet 

FLAT 




M5233 


High output break 
down voltage dual 


• Wide supply voltage range 

• Low power dissipation 

• Large output sink current 


2-36 


800 
(M5233P) 

625 
(M5233L) 

440 
(M5233FP) 


0.6 


25 


2 


25 


1.3 


393 
2903 


P: 8-pin 

DIP ^ 

FP- 8-pin ^ 

mini 

FLAT 



New product 



QUICK REFERENCE TABLE OF COMPARATORS (CONTINUED) 



Application 


Type No. 


Function 


Features 


Maximum ratings 


Electrical characteristics (Typical characteristics) 


Equivalent 


Package 
outline 


Operating 
supply 
voltage 
range 
V cc 
(V) 


Power 
dissipation 
Pd 
(mW) 


Circuit 
current 
Ice 
(mA) 


Output 

sink 
current 

'sink 
(mA) 


Input 
offset 
voltage 
V,o 
(mV) 


Input 
bias 
current 
Ib 
(nA) 


Response 
time 

(fiS) 


Quad comparator 


M51209P 


Quad 


• Wide supply voltage range 

• Large output sink current 


2. 5~28 


900 


6.8 


60 

(atV o =0.2V) 


2 


20 


2.0 

(Rise of output) 

1.0 
(Fall of output) 


Functional 
equivalent of 
AN6918 


14-pin DIP 


M51924 


• Wide supply voltage range 

• Low power dissipation 
current 


2. 5—28 


900 
(M51924P) 

350 
(M51924FP) 


3. 0 

(All output ON) 

0.8 
(All output OFF) 


20 

(atV o =0.15V) 


2 


25 


2. 0 

(Rise of output) 

0.2 
(Fall of output) 


2901 


P: 14-pin ^^fe 
DIP 

rr. m pin 
mini ^^^^J|t 
FLAT ^PF^ 


* 

M5234 


High voltage quad 


• Wide supply voltage range 

• Low power dissipation 
current 

• Large output sink current 


2—36 


700 
(M5234P) 

550 
(M5234FP) 


0.8 


25 


2 


25 


1.3 


339 
2901 


P: 14-pm 
DIP 

FP: 14-pm 
mini ^^^^t 
FLAT 



INDEX OF FUNCTIONAL EQUIVALENTS COMPARATORS 



Appli- 
cation 


Mitsubishi 


Functional equivalents 


Function 


Type No. 


JRC 


NEC 


Matsushita 


Toshiba 


Hitachi 


Tokyo Sanyo 


ROHm 


Tl 


NSS 


FC 


MOTO 


Comparator 


High output break 
down voltage 
dual, general-pur- 
pose comparator 


M5233L 


NJM2903S(9L) 




AN6913 


TA75393S(9L) 




LA69393S(9L) 












M5233P 


NJM2903D 


fx PC393C 


AN1393 
AN6914 


TA75393P 


HA17903PS 


LA6393D 


BA6993 


LM393 
LM2903 


LM393 
LM2903 


/iA393 
^A2903 




* 

M5233FP 


NJM2903M 


ft PC393G 


AN1393S 


TA75393F 




LA6393M 


BA6993F 










High output break 
down voltage 
dual, general-pur- 
pose comparator 


M5234P 


NJM2901D 


fx PC339C 


AN1339 
AN6912 


TA75339P 


HA17901P 


LA6339 


BA1 0339 


LM339 
LM2901 


LM339 
LM2901 


//A339 
^A2901 


MLM339P 
MLM2901P 


M5234FP 


NJM2901M 


I* PC339G 


AN1339NS 


TA75339F 




LA6339M 


BA10339F 











L: SIP (8-pin), P: DIP (8-, 14-pin), (9L): SIP (9-pin), FP: mini FLAT (8-, 14-pin) 
New product 



MITSUBISHI LINEAR ICs 

M51201TL,FP 

VOLTAGE COMPARATOR 



DESCRIPTION 

The M51201TL.FP is a semiconductor integrated circuit for a 
voltage comparator that operates from a single power supp- 
ly. Especially the M51201TL.FP has superiority as to charac- 
teristics of input current (high input resistance) and fits to 
wide ranged applications, for example, CR timer, etc. 
M51201TL,FP's package is a mini SIP and FLAT package, 
therefore can use very easily. 

FEATURES 

• Low input current 8nA(typ.) 

• Capable of directly driving a relay or a lamp 

• Operates at low supply voltage 1.7~6.5V 

• Low power dissipation 2mA typ. (V C c = 2.65V) 

• Including reference voltage for comparison V C c/2 

• Including voltage surge absorbing zener diode for 
protection 

• High output breakdown voltage 18V(max.) 

APPLICATlbN 

Electric shutter, CR timer, comparator, time delay circuit, 
oscillator (square wave) 

RECOMMENDED OPERATING CONDITIONS 

Supply voltage range 1.7— 6.5V 

Rated supply voltage 5.0V 



PIN CONFIGURATION (TOP VIEW) 



]f] GND 
pf T\ POWER SUPPLY 
§ 3] OUTPUT 
§ 2] INPUT 

T] REFERENCE VOLTAGE 



REFERENCE 
VOLTAGE 
INPUT [T 

OUTPUT |T 

POWER SUPPLY [T 




NC • NO CONNECTION 




5-pin molded plastic SIP 



8-pin molded plastic FP 
(MINI FLAT) 



EQUIVALENT CIRCUIT 



REFERENCE VOLTAGE 



POWER SUPPLY 



OUTPUT 




-©- 

GND 
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MITSUBISHI LINEAR ICs 

M51201TL,FP 



VOLTAGE COMPARATOR 



ABSOLUTE MAXIMUM RATINGS (T a =25°C, unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


V C c 


Supply voltage 




6.5 


V 


•sink 


Output sink current 




200 


mA 


V,N 


Input voltage 




Vcc 


V 


Pd 


Power dissipation 




180(M51201TL) 


mW 


300(M51201FP) 




Thermal derating 


T a ^25°C 


1.8(M51201TL) 


mW/°C 


3.0(M51201FP) 


Topr 


Operating temperature 




-20 h75 


°C 


Tstg 


Storage temperature 




-40 — H25 


°C 



ELECTRICAL CHARACTERISTICS (T a =25c) 



Symbol 


Parameter 




Test conditions 


Limits 


Unit 


Vcc(V) 




Mm 


Typ 


Max 


Vcc 


Supply voltage range 






1.7 




6.5 


V 




Circuit current 


2. 65 






2.0 


3.5 


mA 


'cc 


6.0 






5.0 


8.8 


l|N 


Input current 


2.65 






8 


100 


nA 


Vref 


Reference voltage 


6.0 




2. 55 


3.0 


3. 45 


V 


Vol 


Output saturation voltage 


6.0 


l S ink=60mA 




0.2 


0.6 


V 


l S ink=200mA 




1 




V z 


Zener voltage 




l z =5mA 


18 


22 


26 


V 


tpLH 


Output "L-H" propagation delay time 


6.0 






0.2 




/us 


tpHL 


Output "H-L" propagation delay time 


6.0 






50 






V, N 


Input voltage range 






0.8 




Vcc-0.2 


V 



TYPICAL CHARACTERISTICS (T a =2 5 c, v 

cc — 3V, unless otherwise noted) 

OUTPUT VOLTAGE VS. INPUT VOLTAGE 



THERMAL DERATING (MAXIMUM RATING) 

500 



z 
g 

Q. 

(0 
CO 

Q 

CC 
UJ 

O 

0. 



400 



300 



200 



100 













M5120 


IFP 








-M5120 


TL 












\ 










>E— 





0- 25 50 75 100 125 
AMBIENT TEMPERATURE T a (°C) 



0 

> 



< 
l- 
_i 

o 
> 

D 
D_ 
I- 
D 

o 



0 



0 12 3 

INPUT VOLTAGE V IN (V) 
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MITSUBISHI LINEAR ICs 

M51201TL,FP 



VOLTAGE COMPARATOR 



INPUT CURRENT VS. INPUT VOLTAGE 



z 

LU 
DC 
DC 
D 

o 
h- 

D 
Q. 
Z 



10 



V CC =3V 


























































































































































































J 











0.5 1 1.5 2 2.5 
INPUT VOLTAGE V IN (V) 



INPUT CURRENT VS. SUPPLY VOLTAGE 



z 

uj 

GC 
OC 
D 
O 
h- 
D 
Q. 
Z 



1 2 3 4 5 6 7 
SUPPLY VOLTAGE V cc (V) 




> PULSE RESPONSE CHARACTERISTICS 



LU 

o 
> 

D 
Q. 
Z 



o 

2 

-I 

o 
> 
*- 

D 
Q. 
I- 
D 
O 



V CC =6V 



n INPUT 



OUTPUT 



20 40 60 
TIME (^s) 



100 
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MITSUBISHI LINEAR ICs 

M51201TL,FP 

VOLTAGE COMPARATOR 



APPLICATION EXAMPLES 

(1) Electric shutter (2) Voltage comparator 




t«0. 7CR C ds 



(3) Oscillator 



Vcc 




0,(0. 337Rt+0. 847R 2 ) 



PRECAUTIONS FOR USE 

1. Paying much attention is necessary for fear that the 
M51201 TL,FP may flow large current and reach to 
destroy because of the structure when the terminals 
of V cc and GND of the M51201 TL,FP is connected 
wrong position each other. 

2. Reference voltage (V REF ) is adjustable for connecting 
external resistor, but adjustable voltage range is 0.8 to 
(V CC -0.2)(V). 

3. Output is "open collector" and a loading resistor is 
not included. Connect a loading resistor to stabilize 
operation, in case of driving a next stage. 
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MITSUBISHI LINEAR ICs 

M51203TL,FP 

VOLTAGE COMPARATOR 



DESCRIPTION 

The M51203TL.FP is a semiconductor integrated circuit for a 
voltage comparator that operates from a single power supp- 
ly. Especially the M51203TL.FP has superiority as to charac- 
teristics of input current (high input resistance) and fits to 
wide ranged applications, for example CR timer, etc. 
M51203TL,FPs package is a mini SIP and FLAT package, 
therefore can use very easily. 

FEATURES 

• Low input current (high input resistance) 20nA(typ.) 

• Operates at low supply voltage 3.0~28V 

• Capable of directly driving a relay or a lamp 

• Low power dissipation 2.5mA(max.) 

• Including reference voltage for comparison 

• Hysteresis characteristic between input and output 

• High output breakdown voltage 30V(max.) 

APPLICATION 

Electric shutter, CR timer, voltage comparator, time delay 
circuit, oscillator (square wave) 

RECOMMENDED OPERATING CONDITIONS 

Supply voltage range 3.0~28V 

Rated supply voltage 12V 



PIN CONFIGURATION (TOP VIEW) 



2 



T] GND 

T] POWER SUPPLY 
1] OUTPUT 

2] INPUT 

□ REFERENCE 



1 VOLTAGE 



REFERENCE rr- 

voltageLL 

INPUT [T 
OUTPUT,|T 
POWER SUPPLY [T 



O 



J] NC 
7) NC 
J] NC 

][|gnd 



NC : NO CONNECTION 




5-pin molded plastic SIP 



8-pin molded plastic FLAT 



EQUIVALENT CIRCUIT 



REFERENCE 
VOLTAGE 



f 

INPUT (4)- 



POWER SUPPLY 



Ri -s R2 



D 2 



OUTPUT 

-®— 



ro 4 



Q 2 J 1 



R 4 -< 



Hq 9 



-~<5> 
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MITSUBISHI LINEAR ICs 

M51203TL,FP 



VOLTAGE COMPARATOR 



ABSOLUTE MAXIMUM RATINGS (T a =25°C, unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


V C c 


Supply voltage 




28 


V 


V,N 


Input voltage 




Vcc 


V 


'sink 


Output sink current 




200 


mA 




Output drive voltage 




30 


V 


Pd 


Power dissipation 




180(M51203TL) 


mW 


300(M51203FP) 


k e 


Thermal derating 


T a ^25°C 


1.8(M51203TL) 


mW/°C 


3.0(M51203FP) 


Topr 


Operating temperature 




-20 — 1-75 


°C 


T stg 


Storage temperature 




-40 — hi 25 


°C 



ELECTRICAL CHARACTERISTICS (T a =25c> 



Symbol 


Parameter 




Test conditions 


Limits 


Unit 


Vcc(V) 




Min 


Typ 


Max 


Vcc 


Supply voltage range 






3.0 




28 


V 


'cc 


Circuit current 


6.0 






1.9 


2.5 


mA 


12.0 




2.0 


24.0 




2.1 


V,n 


Input voltage 






1.4 




Vcc-0.2 


V 


'iN 


Input current 


6.0 
12.0 
24.0 






20 


75 


nA 


V REF 


Reference voltage 


6.0 


V IN =0V 


2.7 


3.0 


3.3 


V 


12.0 


5.4 


6.0 


6.6 


24.0 


10.8 


12.0 


13.2 


AV hyS 


Input/output hysteresis width voltage 


6.0 




1.0 


1.2 


1.4 


V 


12.0 


1.9 


2.4 


2.9 


24.0 


3.8 


4.8 


5.8 


Vol 


Output saturation voltage 


6.0 


lsmk=60mA 




0.3 


0.6 


V 


l sink =200mA 




1 




tpLH 


Output "L-H" propagation delay time 


12.0 






1 






tpHL 


Output "H-L" propagation delay time 


10 


/IS 
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MITSUBISHI LINEAR ICs 

M51203TL,FP 



VOLTAGE COMPARATOR 



TYPICAL CHARACTERISTICS (T a =25°C, V CC =12V, unless otherwise noted) 

OUTPUT VOLTAGE VS. INPUT VOLTAGE 



THERMAL DERATING (MAXIMUM RATING) 

500 r 



Q. 

z 

0 
h 



400 



300 



200 



100 













M5120: 


JFP 








-M5120 


3TL 












X 










\r— 

*** 





0 25 50 75 100 125 
AMBIENT TEMPERATURE T a (°C) 



0 

> 

LU 

CD 

< 



O 
> 
I- 
D 
0. 
I- 
D 

o 



2 4 6 8 10 12 
INPUT VOLTAGE V IN (V) 



14 



INPUT CURRENT VS. INPUT VOLTAGE 



z 20 



































r 






























I 


























) 











0 2 4 6 8 10 12 14 
INPUT VOLTAGE V, N (V) 



INPUT CURRENT VS. INPUT VOLTAGE 

28 1 1 1 1 . 1 . , 




01 I 1 1 I I I I 

0 4 8 12 16 20 24 28 

INPUT VOLTAGE V cc (V) 
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A MITSUBISHI 
ELECTRIC 



MITSUBISHI LINEAR ICs 

M51203TL,FP 



VOLTAGE COMPARATOR 



CIRCUIT CURRENT VS. AMBIENT TEMPERATURE 



i- 
z 

LU 

cc 

CC 
D 
O 

D 

O 
OC 

o 




-40 -20 



20 40 60 80 



AMBIENT TEMPERATURE T a (°C) 



APPLICATION EXAMPLES 

(1) Voltage comparator 



V REF =y Vcc Q- 




For V REF >V, N V 0 =L 0W 
7 For V REF <V IN V Q =High 



2SC71 1 



(2) Oscillator 




1 



0,(0. 337RT+0. 847R 2 ) 



[Hz] 



(3) CR Timer 




PRECAUTIONS FOR USE 

1. Paying much attention is necessary for fear that the 
M51203TL,FP may flow large current and reach to 
destroy because of the structure when the terminals 
of V cc and GND of the M51203TL.FP is connected 
wrong position each other 

2. Output is "open collector" and a loading resistor is 
not included. Connect a loading resistor to stabilize 
operation, in case of driving a next stage 
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MITSUBISHI LINEAR ICs 

M51205TL,FP 

VOLTAGE COMPARATOR 



DESCRIPTION 

The M51205TL.FP is a semiconductor integrated circuit for a 
voltage comparator that operates from a single power supp- 
ly. Especially the M51205TL.FP has superiority as to charac- 
teristics of input current (high input resistance) and fits to 
wide ranged applications, for example CR timer, etc. 
M51205TL,FP's package is a mini SIP and FLAT package, 
therefore can use very easily. 

FEATURES 

• Low input current (high input resistance) 15nA(typ.) 

• Built-in zener diode for stabilization of supply voltage 
between supply voltage terminal and GND terminal 

' v5.6V(typ.) 

• Capable of directly driving a relay or a lamp 

• Including reference voltage for comparison 

• Hysteresis between input and output 

• High output breakdown voltage 30V(max.) 

APPLICATION 

Electric shutter, CR timer, voltage comparator, time delay 
circuit, oscillator (square wave) 

RECOMMENDED OPERATING CONDITIONS 

Rated supply voltage 12V(Rd=1kC2) 



PIN CONFIGURATION (TOP VIEW) 



o 

CM 

2 



J] GND 

T] POWER SUPPLY 
T] OUTPUT 

2] INPUT 

□REFERENCE 
1 



1 VOLTAGE 



REFERECE 
VOLTAGE 
INPUT [2 

OUTPUT \J 

POWER SUPPLY |T 




]0 NC 
7] NC 
J6] NC 
IT] GND 



NC : NO CONNECTION 




5-pin molded plastic SIP 



8-pin molded plastic FLAT 



EQUIVALENT CIRCUIT 



POWER SUPPLY 



<4>- 



REFERENCE 
VOLTAGE 



INPUT (2 



R 2 



Q1 Q 2 



OUTPUT 

-<D — 



Q4 



R 3 3 



Q 9 



Qa 



Q 5 



-- <s> 



GND 
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MITSUBISHI LINEAR ICs 

M51205TL,FP 



VOLTAGE COMPARATOR 



ABSOLUTE MAXIMUM RATINGS (T a =25 < C, unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


'cc 


Circuit current 




20 


mA 


V IN 


Input voltage 






V 


'sink 


Output sink current 




200 


mA 


V OH 


Output drive voltage 




30 


V 


Pd 


Power dissipation 




180(M51205TL) 


mW 


300(M51205FP) 


K* 


Thermal derating 


T a ^25 0 C 


1.8(M51205TL) 


mW/°C 


3.0(M51205FP) 


Topr 


Operating temperature 




-20 — h75 


°C 


T stg 


Storage temperature 




-40 — H25 


°c 



$6 Voltage at pin (3) 



ELECTRICAL CHARACTERISTICS (T a =25°C, R d : dropper resistor) 



Symbol 


Parameter 




Test conditions 


Limits 


Unit 


Vcc(V) 




Mm 


Typ 


Max 


V® 


Zener voltage 


12.0 


R d =1kQ 


5.0 


5.6 


7.0 


V 


v, N 


Input voltage 


12.0 


Rd=1kQ 


0.8 




V, 4 -0.2 


V 




Input current 


12.0 


R d =1kQ 




15 


75 


nA 


v REF 


Reference voltage 


5. 00 


R d =0Q, V IN =0V 


2. 25 


2. 50 


2. 75 


V 


AVhys 


Input/ output hysteresis width voltage 


5. 00 


R d =0Q, V, N =3V 


0. 80 


1 


1.20 


V 


Vol 


Output saturation voltage 


6.0 


'sink=60mA 




0.2 


0.6 


V 


lsmk=200mA 




1 




tpi_H 


Output "L-H" propagation delay time 


12.0 


R d =1kQ 




1 




M s 


tpHL 


Output "H-L" propagation delay time 




10 






•cc 


Circuit current (Vcc^V®) 


5. 00 


R d =0Q 




1.9 


2.4 


mA 



TYPICAL CHARACTERISTICS (T a =25°C, unless otherwise noted) 



THERMAL DERATING (MAXIMUM RATING) 

500 



OUTPUT VOLTAGE VS. INPUT VOLTAGE 



400 



300 



200 - 



100 



0 













M5120E 


>FP 








-M5120J 


>TL 






















v — 





0 25 50 75 100 125 
AMBIENT TEMPERATURE T a (°C ) 



m 

< 
H 

_i 

O 
> 
I- 

D 
CL 
I- 
D 
O 



C 5 



V CC = 


5V 












































I 






! 









































1 2 3 4 5 
INPUT VOLTAGE V IN (V) 
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MITSUBISHI LINEAR ICs 

M51205TL,FP 



VOLTAGE COMPARATOR 



INPUT CURRENT VS. INPUT VOLTAGE 



ZENER VOLTAGE VS. AMBIENT TEMPERATURE 



V CC 


=5V 


















































i 




i 


























i 













0 12 3 

INPUT VOLTAGE V IN (V) 



> 



< 
_J 

o 
> 

DC 
LU 
Z 



12 
10 

8 
6 
4 
2 
0 

—40 —20 0 20 40 60 80 
AMBIENT TEMPERATURE T a (°C) 



1 

Vcc=12V 
R d =1kQ 







































































CIRCUIT CURRENT VS. AMBIENT TEMPERATURE 



V C c= 


=5V 















































-40 -20 0 20 40 60 80 
AMBIENT TEMPERATURE Ta CO 
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A MITSUBISHI 
ELECTRIC 



MITSUBISHI LINEAR ICs 

M51205TL,FP 

VOLTAGE COMPARATOR 



APPLICATION EXAMPLES 

(1) Voltage comparator (2) Oscillator 




f C,(0. 337^+0. 847R 2 ) 




PRECAUTIONS FOR USE 

1. Paying much attention is necessary for fear that the 
M51205TL.FP may flow large current and reach to 
destroy because of the structure when the terminals 
of V cc and GND of the M51205TL,FP is connected 
wrong position each other. 

2. Output is "open collector" and a loading resistor is 
not included. Connect a loading resistor to stabilize 
operation, in case of driving a next stage. 

3. Care should be taken not to apply over 5(V) directly 
to the terminals between Pin ® and Pin ©. Connect a 
dropper resistor (Rd) in series to Pin ®, in case of 
applying over 5(V) between Pin ® and Pin ©. 
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MITSUBISHI LINEAR ICs 

M51202TL,FP 



VOLTAGE COMPARATOR 



DESCRIPTION 

The M51202TL,FP is a semiconductor integrated circuit for a 
voltage comparator that operates from a single power supp- 
ly. Especially the M51202TL.FP has superiority as to charac- 
teristics of input current (high input resistance) and fits to 
wide ranged applications, for example CR timer, etc. 
M51202TL,FP's package is a mini SIP and FLAT package, 
therefore can use very easily. 

FEATURES 

• Low input current 8nA(typ.) 

• Operates at low supply voltage 1.7—6.5V 

• Capable of directly driving a relay or a lamp 

• Including voltage surge absorbing zener diode for 
protection 

• High output breakdown voltage 18V(max.) 

APPLICATION 

Voltage comparator, CR timer, electric shutter, time delay 
circuir, oscillator (square wave) 

RECOMMENDED OPERATING CONDITIONS 

Supply voltage range 1.7~6.5V 

Rated supply voltage 5.0V 



PIN CONFIGURATION (TOP VIEW) 



8 



J]gnd 

t| power supply 

T] OUTPUT 

m NON-INVERTING 
, INPUT 

T) INVERTING INPUT 



inverting r -nzr~ 

INPUT LL O 
NON-INVERTING [J 
INPUT ^ 
OUTPUT {J 

POWER SUPPLY [T 



J] NC 
7] NC 

J] NC 
~b] GND 



NC : NO CONNECTION 




5-pin molded plastic SIP 



8-pin molded plastic FLAT 



EQUIVALENT CIRCUIT 



NON-INVERTING (2V- 
INPUT ^ 



POWER SUPPLY 



-0- 



INVERTING INPUT (j) LQ1 Q 2 



R 3 

-VA — 



:d 3 



Pm 



JR 6 



K° 6 



:d 4 



OUTPUT 

-® 



R 8 ? 



ro 9 



L-Tq 7 





GND 



D 5 
D 6 
*D 7 
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MITSUBISHI LINEAR ICs 

M51202TL,FP 



VOLTAGE COMPARATOR 



ABSOLUTE MAXIMUM RATINGS (T a =25°C, unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


V cc 


Supply voltage 




6.5 


V 


•sink 


Output sink current 




200 


mA 


V 1N 


Input voltage 




Vcc 


V 


Pd 


Power dissipation 




180(M51202TL) 


mVV 


300(M51202FP) 


K* 


Thermal derating 


T a ^25°C 


1.8(M51202TL) 


mW/t 


3.0(M51202FP) 


Topr 


Operating temperature 




-20 — h75 


°C 


T stg 


Storage temperature 




-40 — H25 


°c 



ELECTRICAL CHARACTERISTICS (T a -2sr ) 



Symbol 


Parameter 




Test conditions 


Limits 


Unit 


Vcc(V) 




Min 


Typ 


Max 


Vcc 


Supply voltage range 






1.7 




6.5 


V 




Circuit current 


2.65 






1.7 


3.2 


mA 


Ice 


6.0 






4.4 


8.2 


'iN 


Input current 


2. 65 






8 


100 


nA 


V ro 


Input offset voltage 


2. 65 






2 


50 


mV 


Vol 


Output saturation voltage 


6.0 


lsink==60mA 




0.2 


0.6 


V 


l s ,nk=200mA 




1 




V z 


Zener voltage 




l z =5mA 


18 


22 


26 


V 


tpLH 


Output "L-H" propagation delay time 


6.0 


V REF =Vcc/2 




0.2 




//S 


tpHL 


Output "H-L" propagation delay time 


6.0 


V REF =Vcc/2 




50 




juS 


V, N 


Input voltage range 






0.8 




Vcc-0. 2 


V 



TYPICAL CHARACTERISTICS (T a =25°C, unless otherwise noted) 
THERMAL DERATING (MAXIMUM RATING) 

500 r 



— 400 



z 

O 



CO 
CO 

Q 

cc 

LU 

O 

Q. 



300 
200 
100 
0 













M5120 


2FP 








N 

tici onon 














\ 
















0 25* 50 75 100 125 
AMBIENT TEMPERATURE T a (°C) 



OUTPUT VOLTAGE VS. INPUT VOLTAGE 



o 
> 

LU 

3 

O 
> 
I- 

D 
Q. 
h- 
D 

O 



I I 

V (1 >=1.5V 










Vcc= 


=3V 



















































































1 2 3 

INPUT VOLTAGE V, N (V) 
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MITSUBISHI LINEAR ICs 

M51202TL,FP 

VOLTAGE COMPARATOR 



INPUT CURRENT VS. INPUT VOLTAGE 



INPUT CURRENT VS. SUPPLY VOLTAGE 



Z 

m 
oc 

DC 
D 

o 

I— 
D 
Q. 
Z 



10 



1 

(v©= 
Ifof 


I 

= V 1N 


Vref 


/ Vcd= 
IFOF 


| 

=v, N 


/ref 



















































-3-2-10 1 2 3 

INPUT VOLTAGE AT PIN CD VS. 
INPUT VOLTAGE AT PIN (2) V^-V© (V) 



Z 
LU 

or 

DC 
D 
O 
I- 
D 
Cl 

z 



10 



1 2 3 4 5 6 7 
SUPPLY VOLTAGE V cc (V) 



CIRCUIT CURRENT VS. SUPPLY VOLTAGE 



INPUT CURRENT VS. AMBIENT TEMPERATURE 



z 

LU 
QC 
QC 
D 
O 

D 

O 







































































































( 


DUT 


PU _ 


' SH 


iUT 


OF 


F> 
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OL 


JTP 


UT { 


SAT 


UR/ 


\TEL 




















1 



0 1 2 3 4 5 

SUPPLY VOLTAGE V cc (V) 



14 
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10 

8 

6 

4 

2 

-40 -20 0 20 40 60 80 
AMBIENT TEMPERATURE T a (°C) 



Vcc= 


=2. 65V 
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PULSE RESPONSE CHARACTERISTICS 



< 

-I 

o 
> 
I- 

D 
0. 

z 



O 
> 
I- 

D 

0l 
I- 
D 
O 



v REF = 


V 

ir 


cc/2, 


V cc =6> 








si PUT 












t 












j ou 


TPUT 











































20 40 60 80 
TIME t (jus) 



) 
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MITSUBISHI LINEAR ICs 

M51202TL,FP 



VOLTAGE COMPARATOR 



APPLICATION EXAMPLES 

(1) Voltage comparator 

V CC 



20k Q 




If V REF >V IN V 0 =Low 
If V REF <V IN V G =High 




»CC Vref 

0.1ms^t^60s 



(3) Electric shutter 



LIGHT 
CdS 



^(8 

CdSMJ 



f 1 




AS/}20kQ 

<2>1> 

5) Vc c~ 



t— CR C ds£n 



Vcc-Vr EF 



(4) Window comparator (alarm circuit) 

V CC 



20kQ 




< 

o 



QC 
D 
O 
H 
D 
Q. 
I- 
D 

o 



Vref l Vref h 
INPUT VOLTAGE V, N (V) 



PRECAUTIONS FOR USE 

1. Paying much attention is necessary for fear that the 
M51202TL.FP may flow large current and reach to 
destroy because of the structure when the terminals 
of V C c and GND of the M51202TL.FP is connected 
wrong position each other. 

2. Output is "open collector" and a loading resistor is 
not included. Connect a loading resistor to stabilize 
operation, in case of driving a next stage. 
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MITSUBISHI LINEAR ICs 

M51204TL,FP 

VOLTAGE COMPARATOR 



DESCRIPTION 

The M51204TL.FP is a semiconductor integrated circuit for 
a voltage comparator that operates from a single power 
supply. Especially the M51204TL.FP has superior character- 
istics as to input current (high/mput resistance) and fits to 
wide ranged applications, for example CR timer, etc. 
M51204TL,FP's package is a mini SIP and FLAT package, 
therefore can use very easily. 

FEATURES 

• Low input current 20nA(typ.) 

• Wide operating voltage range 2.5~28V 

• Low power dissipation 2.5mA(max.) 

• Capable of directly driving a relay or a lamp 

• High output breakdown voltage 30V(max.) 

APPLICATION 

Voltage comparator, electric shutter, CR timer, time delay 
circuit, oscillator (square wave) 

RECOMMENDED OPERATING CONDITIONS 

Supply voltage range 2.5~28V 

Rated supply voltage 12V 



PIN CONFIGURATION (TOP VIEW) 



|] GND 

T] POWER SUPPLY 
j] OUTPUT 
■^-i NON-INVERTING 
±\ INPUT 

T) INVERTING INPUT 



INVERTING 

INPUT [_[ 
NON-INVERTING rr- 
INPUT L=- 

output[T 
power supply [t 



no 



T| NC 
T\ NC 
J] NC 
J] GND 



NC NO CONNECTION 




5-pin molded plastic SIP 



8-pin molded plastic FLAT 



EQUIVALENT CIRCUIT 



<Q-3 



INVERTING INPUT (T) TQi Q 2 J- 

! I D 2 D 3 



NON-INVERTING (2> 
INPUT I 



POWER SUPPLY OUTPUT 

© (3) — 



1 



fa 



fa 



(5) 

GND 
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MITSUBISHI LINEAR ICs 

M51204TL,FP 



VOLTAGE COMPARATOR 



ABSOLUTE MAXIMUM RATINGS ( 

T a =25°C, unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


V cc 


Supply voltage 




28 


V 


V,N 


Input voltage 




Vcc 


V 


'sink 


Output sink current 




200 


mA 


Voh 


Output drive voltage 




30 


V 


Pd 


Power dissipation 




180(M51204TL) 


mW 


300(M51204FP) 




Thermal derating 


T a ^25°C 


1.8(M51204TL) 


mW/°C 


3.0(M51204FP) 


Topr 


Operating temperature 




-20 — h75 


°C 


T stg 


Storage temperature 




-40-+125 


°C 



ELECTRICAL CHARACTERISTICS (T a -2sr ) 



Symbol 


Parameter 




Test conditions 


Limits 


Unit 


Vcc(V) 




Mm 


Typ 


Max 


V cc 


Supply voltage range 






2.5 




28 


V 


Ice 


Circuit current 


6.0 
12.0 
24.0 






1.8 


2.5 


mA 


V| N <3X 


Inverting input voltage 


12.0 




1.4 




Vcc-0.2 


V 


V|N© 


Non-inverting input voltage 


12.0 




V 


•in© 


Inverting input current 


6.0 
12.0 
24.0 






20 


75 


nA 


'in© 


Non-inverting input current 


6.0 
12.0 
24.0 






20 


75 


nA 


V,o 


Input offset voltage 


6.0 
12.0 
24.0 


Reference voltage at Pin 0 


-7 


2 


12 


mV 


Vol 


Output saturation voltage 


6.0 


lsink=60mA 




0.2 


0.6 


V 


l s ,nk=200mA 




1 




tpLH 


Output "L-H" propagation delay time 


12.0 






1 






tpHL 


Output "H-L" propagation delay time 




10 
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MITSUBISHI LINEAR ICs 

M51204TL,FP 



VOLTAGE COMPARATOR 



TYPICAL CHARACTERISTICS (T a =25 0 C, unless otherwise noted) 

THERMAL DERATING (MAXIMUM RATING) 

500 



E 



400 
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g 

a. 

GO 

co 
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0- 
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200 - 
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I 

V (1 ,=6V 
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3 6 9 12 

INPUT VOLTAGE V, N (V) 



15 



INPUT CURRENT VS. INPUT VOLTAGE 

25 



INPUT CURRENT VS. SUPPLY VOLTAGE 



z 
uj 

CC 
QC 
D 
O 
I- 
D 
Q. 
Z 



20 
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7 1 

fV(2)= 
\FOR 


=v IN 

v c ^=> 


*/ref 


\FOR 


=v, N 
v©=\ 


/ref 
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INPUT VOLTAGE AT PIN CD VS 
INPUT VOLTAGE AT PIN (2^ V,-V 2 (V) 
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SUPPLY VOLTAGE V cc (V) 
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APPLICATION EXAMPLES 



CIRCUIT CURRENT VS. AMBIENT TEMPERATURE (1 ) Voltage comparator 





—20 0 20 40 60 80 



AMBIENT TEMPERATURE T a (°C) 



(2) Sensor detection circuit (3) Battery check circuit 

V CC 




(4) Oscillator 




O OUTPUT 



CR 4 £n 



R L , 1-R L 
Rh 1 — Rh 



[Hz] R L = - 



PRECAUTIONS FOR USE 

1. Paying much attention is necessary for fear that the 
M51 204TL.FP may flow large current and reach to 
destroy because of the structure when the terminals 
of V cc and GND of the M51 204TL.FP is connected 
wrong position each other. 

2. Output is "open collector" and a loading resistor is 
not included. Connect a loading resistor to stabilize 
operation, in case of driving a next stage. 



Ri+1 



A MITSUBISHI 
ELECTRIC 



3-23 



MITSUBISHI LINEAR ICs 

M51206TL,FP 

VOLTAGE COMPARATOR 



DESCRIPTION 

The M51206TL,FP is a semiconductor integrated circuit for a 
voltage comparator that operates at a single power supply. 
Especially the M51206TL.FP has superiority as to character- 
istics of input current (high input resistance) and fits to wide 
ranged applications/ for example CR timer, etc. 
M51206TL,FP's package is a mini SIP and FLAT package, 
therefore can use very easily. 

FEATURES 

• Low input current 15nA(typ.) 

• Built-in zener diode for stabilization of supply voltage 
between supply voltage terminal and GND terminal 

5.6V(typ.) 

• Capable of directly driving a relay or lamp 

• High output breakdown voltage 30V(max.) 

APPLICATION 

Voltage comparator, CR timer, electric shutter, time delay 
circuit, oscillator (square wave). 

RECOMMENDED OPERATING CONDITIONS 

Rated supply voltage 12V(Rd=1kQ ) 



PIN CONFIGURATION (TOP VIEW) 



CD 
O 
CM 

So 
5 



J] GND 

T) POWER SUPPLY 

T| OUTPUT 

m NON-INVERTING 
■ INPUT 

T] INVERTING INPUT 



INVERTING 
INPUT 



NON-INVERTING PT 
INPUT L£ - 
OUTPUT [T 

POWER SUPPLY [T 



2 


][] NC 


Ul 
ro 


7] NC 


0 
a 
■n 


]0 NC 


"0 


T|gnd 



NC NO CONNECTION 




5-pin molded plastic , SIP 



4* 

8-pin molded plastic FLAT 



EQUIVALENT CIRCUIT 



POWER SUPPLY OUTPUT 

© (3> 



Q 3 



NVERTING INPUT m) LQ1 Q2J- 



Cq 4 



NON INVERTING (2) 
INPUT T 



BBS 



h° 8 r ii 



fa. 



fa 



o 2 



— &- 

GND 
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ABSOLUTE MAXIMUM RATINGS (T a =25°C, unlessotherwise noted) 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


'cc 


Circuit current 




20 


mA 


V, N 


Input voltage 






V 


'sink 


Output sink current 




200 


mA 


Vqh 


Output drive voltage 




30 


V 


Pd 


Power dissipation 




180(M51206TL) 


mW 


300(M51206FP) 




Thermal derating 


T a ^25°C 


1.8(M51206TL) 


mW/°C 


3.0(M51206FP) 


Topr 


Operating temperature 




—20 — H75 


°C 


Tstg 


Storage temperature 




—40 — H25 


°C 



^Voltage at Pin (3) 



ELECTRICAL CHARACTERISTICS (T a =25C, R d dropper resistor) 



Symbol 


Parameter 




Test conditions 


Limits 


Unit 


Vcc(V) 




Mm 


Typ 


Max 


V® 


Zener voltage range 


12.0 


Rd=1kQ 


5.0 


5.6 


7.0 


V 


V, N 


Input voltage range 


12.0 


Rd=1kQ 


0.8 




V®-0.2 


V 


l|N(D 


Input current at Pin © 


12.0 


Rd=1kQ 




15 


75 


nA 


l|N© 


Input current at Pin (D 


12.0 


Rd=1kQ 




15 


75 


nA 


'cc 


Circuit current (V cc < V©) 


5.0 


R d =0Q 




1.8 


2.4 


mA 


V,o 


Input offset voltage 


12.0 


R d =1kQ 


-20 


-1.4 


20 


mV 


Vol 


Output saturation voltage 


6.0 


lsink=60mA 




0.2 


0.6 


V 


lsink=200mA 




1 




tpLH 


Output "L-H" propagation delay time 


12.0 


R d =1kQ 




1 




jus 


tpHL 


Output "H-L" propagation delay time 




10 




//S 



TYPICAL CHARACTERISTICS (T a =25°C, unless otherwise noted) 



THERMAL DERATING (MAXIMUM RATING) 

500 



OUTPUT VOLTAGE VS. INPUT VOLTAGE 
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INPUT CURRENT VS. INPUT VOLTAGE 



ZENER VOLTAGE VS. AMBIENT TEMPERATURE 



i- 
z 
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DC 
CC 
D 
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D 
Q. 
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5 20 
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IFOF 
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CIRCUIT CURRENT VS. AMBIENT TEMPERATURE 



z 

LU 
CC 
DC 
D 
O 
t 
D 
O 
DC 

O 



V CC = 


=5V 















































—40 —20 0 20 40 60 80 
AMBIENT TEMPERATURE T a (°C) 




3-26 



A MITSUBISHI 
ELECTRIC 



MITSUBISHI LINEAR ICs 

M51206TL,FP 



VOLTAGE COMPARATOR 

APPLICATION EXAMPLES 

(1) Voltage comparator (2) CR Timer 




(3) Window comparator (alarm circuit) 

< 




INPUT VOLTAGE V, N (V) 



(4) Time delay circuit 



t s =CR£rn 

Unit 

Resistance • Q 
Capacitance : F 



r CC — Vref 







-k- 




20k 




v REF ; 








-& 






T 





PRECAUTIONS FOR USE 

1 . Paying much attention is necessary for fear that the 
M51206TL.FP may flow large current and reach to 
destroy because of the structure when the terminals 
of V cc and GND of the M51206TL.FP is connected 
wrong position each other. 

2. Output is "open collector" and a loading resistor is 
not included. Connect a loading resistor to stabilize 
operation, in case of driving a next stage. 

3. Care should be taken not to apply over 5(V) directly 
to the terminals between Pin ® and Pin ©. Connect a 
dropper resistor (Rd) in series to Pin ® in case of 
applying over 5(V) between Pin ® and Pin ©. 
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DESCRIPTION 

The M5123TL is a semiconductor integrated circuit for a vol- 
tage comparator designed to operate from a single power 
supply. The comparator reference voltage is close to the 
supply voltage and, therefore, the M5123TL fits to the shap- 
ing of waveform of signal multiplied to power supply be- 
cause the input voltage can be more than the supply vol- 
tage. 

M5123TL's package is a mini SIP, making mounting of the 
component easy. 

FEATURES 

• Operates at low supply voltage 2.5~5.5V 

• Including comparator reference voltage 

V cc -46mV(typ.) 

• Low power dissipation in standby state 150>A(typ.) 

• Built-in protection resistor and diode for input surge 
current 

APPLICATION 

Voltage comparator, general-purpose detection, alarm cir- 
cuits. 

RECOMMENDED OPERATING CONDITIONS 

Supply voltage range 2.5~5.5V 

Rated supply voltage 5.0V 



PIN CONFIGURATION (TOP VIEW) 




CVJ 

In 


5] GND 

T] NC 

T] OUTPUT 

2] POWER SUPPLY 
-T-i NON-INVERTING 
-U INPUT 






NC . NO CONNECTION 




5-pin molded plastic SIP 



EQUIVALENT CIRCUIT 



2k 



INVERTING (T) W\r 

IMDI IT >r*^ p i 



D 2 



-TQe 



NC 



30k > R 2 



— ©- 

OUTPUT 



-0-- 

GND 



2) POWER SUPPLY 



3-28 



A MITSUBISHI 
ELECTRIC 



MITSUBISHI LINEAR ICs 

M5123TL 



VOLTAGE COMPARATOR 



ABSOLUTE MAXIMUM RATINGS (T a =25°C, unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


Vcc 


Supply voltage 




6 


V 


V, 


Input voltage 




-0.2—10 


V 


V 0 


Output voltage 




V C c 


V 


Pd 


Power dissipation 




180 


mW 


Topr 


Operating temperature 




-20 — h75 


°C 


Tsta 


Storage temperature 




-40 — hi 25 


°C 



ELECTRICAL CHARACTERISTICS (T a =25C, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


Vcc 


Supply voltage range 




2.5 




5.5 


V 


led 


Circuit current 


V cc =3. 3V 




100 


170 




'CC2 


Circuit current 


V cc =5. 5V 




150 


270 




V,o 


Input offset voltage 


V cc =2. 5—5. 5V, 
Vcc reference voltage 


-100 


-46 


0 


mV 


Vos 


Output saturation voltage 


V C c=5. 5V, R L =27kQ 




50 


300 


mV 


l0L 


Output leak current 


V cc =5. 5V 


-1 









TYPICAL CHARACTERISTICS (T a =25c, 

Vcc — 5.5V, unless otherwise noted) 



THERMAL DERATING (MAXIMUM RATING) 
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CIRCUIT CURRENT VS. SUPPLY VOLTAGE 
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< 

5*. 



200 



100 




1 2 3 4 5 
SUPPLY VOLTAGE V cc (V) 



INPUT CURRENT VS. INPUT VOLTAGE 

-300 



< 

51 



-200 



I- 

z 

LU 
DC 
DC 

o -ioo 

D 
0- 

z 

















V C c= 


=5. 5V 






















































— 



,0 1 2 3 4 5 6 
INPUT VOLTAGE V, (V) 



CIRCUIT CURRENT VS. AMBIENT TEMPERATURE 



< 

51 



I- 

z 

LU 
DC 
CC 
D 
O 
t 
D 
O 
QC 



300 



200 



100 

















V CC = 


=5. 5V 

























































-20 0 20 40 60 80 
AMBIENT TEMPERATURE T a (°C) 



INPUT OFFSET VOLTAGE VS. 
AMBIENT TEMPERATURE 



-90 



o 
> 



o 
> 
i- 



-60 



-30 















Vcc 1 


^EFER 


ENCE 


VOLT 


AGE 





















































-20 0 20 40 60 8( 
AMBIENT TEMPERATURE T a (°C) 




3-30 



A MITSUBISHI 
ELECTRIC 



MITSUBISHI LINEAR ICs 

M51207L 

DUAL COMPARATOR 



DESCRIPTION 

The M51207L is a dual (two independent) comparator and 
operates over a wide voltage range from a single supply 
voltage. Especially the M51207L has superiority as to char- 
acteristics of input current (input resistance) and fits to 
wide ranged applications, for example CR Timer, oscillator, 
etc. 

FEATURES 

• Low input curret (high input resistance) 20nA(typ.) 

• Wide supply voltage range 2.5V~28V 

• Low dissipation current 3.8mA(typ.) 

• Capable of driving a relay or a lamp directly 

60mA(max.) 

• Includes voltage surge absorbing zener diodes 

• High output breakdown voltage 30V(max.) 

• Low output voltage 0.2V(typ.) 

• Low input offset voltage 2mV(typ.) 

APPLICATION 

Voltage comparator, window comparator, CR Timer, time 
delay circuit, oscillator, etc 

RECOMMENDED OPERATING CONDITIONS 

Supply voltage range 2.5— 28V 

Rated supply voltage 12V 



PIN CONFIGURATION (TOP VIEW) 


NON-INVERTING INPUT a|T 






INVERTING INPUT A|T 






output a[t 
gnd[7 
power supply \t 

OUTPUT b[T 


M51207L 




inverting input b|T 






NON-INVERTING INPUT b[T 












8-pin molded plastic SIP 



EQUIVALENT CIRCUIT 



INVERTING INPUT B (7> 



NON-INVERTING INPUT B (8)— LQ10 



15] 



POWER SUPPLY (5 



"ft 



NON-INVERTING INPUT A Q}— kP 1 
INVERTING INPUT A &} 



GND 



4 



90 



y.o, 



LQ9 



6) OUTPUT B 



OUTPUT A 
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ABSOLUTE MAXIMUM RATINGS (T a =25°C, unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


Vcc 


Supply voltage 




28 


V 


V, D 


Differential input voltage 




V C c 


V 


V|CM 


Common mode input voltage range 




-0. 3~V CC 


V 


Isink 


Output sink current 




80 


mA 


Voh 


"H" output voltage 




30 


V 


Pd 


Power dissipation 




650 


mW 


Topr 


Operating temperature 




-20 — h75 


°C 


Tstg 


Storage temperature 




— 40—+125 


°C 



ELECTRICAL CHARACTERISTICS (T a =25°C, V CC =2.5~28V, unlese otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Mm 


Typ 


Max 


Vcc 


Supply voltage range 




2.5 




28 


V 


'cc 


Circuit current 






3.8 


5.3 


mA 


v, e 


Inverting input voltage range 




0 




Vcc-1-5 


V 


v,® 


Non-inverting input voltage range 




0 




Vcc-1-5 


V 


V lo 


Input offset voltage 






2 


7 


mV 


he 


Inverting input current 






20 


100 


nA 


ii® 


Non-inverting input current 






20 


100 


nA 


l.o 


Input offset current 






5 


50 


nA 


Vol 


"L" output voltage' 


l smk =60mA 




0.2 


0.4 


V 


l sink =200mA 




1 




Ilo 


Output leak current 








0. 1- 


M A 


tpi_H 


Output "L-*H" propagation delay time 






2 




us 


tpHL 


Output "H-*L" propagation delay time 






1 




MS 



TYPICAL CHARACTERISTICS (T a =25°C, unless otherwise noted) 



THERMAL DERATING 
(MAXIMUM RATING) 



OUTPUT VOLTAGE VS 
INPUT VOTAGE 
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CO MP/* 
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V IS APF 


REFERE 
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V C c=12V 
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INPUT CURRENT VS 
INPUT VOLTAGE 



INPUT CURRENT VS 
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PRECAUTIONS FOR USE 

1. Special care must be taken to protect the M51209P from 
large surges in current, such as may result from the in 
currect connection of the V C c and GND terminals. 

2. Output is "open collector" and a loading resistor is not in- 
cluded. Connect a loading resistor to stabilize operation, 
when driving another. 

APPLICATION EXAMPLES 



V| o- 



(1 ) Voltage comparator 




LOAD 



O V 0 



lfV REF >V, V 0 =Low 
lfV REF <V, V 0 =High 



Vi O- 



Vref 



R 2 



(2) Schmitt trigger circuit 

f O Vcc 



' 

R4 



: R «- 



-OV 0 £ 



VrefL VrefH 
Vi 



w _v/ R 2 (Ri+R 4 +Rl) ■ 

VrefH-Vcc- r^+RJ+R^Ri+IVHRl) 

VrefL=V cc - R2R4+R * (R2+R4) 



(3) Monostable multi- vibrator 




o Vcc 



ov 0 



t=CR 3 - I nT 



«4 



R 2 



(4) Unstable multi -vibrator 

o Vcc 



R3 



£Rl 




R4 



-o v 0 




t1 t 2 



tl =CR 4 fi n^±^ t 2 =CR 4 « n^±^ (Rl<Ri ' R * R - 

M3 M3 



Ri J 

Vref, 



R 2 £ 



Tfr 777 



(5) Pulse generator 



:Rl 



R3 




R 4> 



R5 D 2 



-O Vcc 

Rl^Ri.Rz. R3.R4 
V F , : D, Forward voltage 
V F2 D 2 Forward voltage 



-O V 0 



n_ 



Vcc-R2(Ri+R 3 ) 



ti t 2 



Vcc-VrefL-VF2 



— t 



v refH- RiR2+R2 r 3+R3Ri t.-CRsfi n Vcc _ VrefH 



Vcc R2R3 



v . z . .3 t _ ra o n VrefH— Vfi 

RlR2+R2R3+R 3 Rl t 2 -CR 4 fi n ^ 



(6) CR Timer 



-o Vcc 



t=CRr i n- 



Vcc-V r ef 
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(7) Sensor detector 



Ri< 



R 2 ^ VR 



SENSOR 




(J?) LED 



R3 



-o Vcc 



(8) Battery check circuit 



R if Ra| 



D 3P 



«4 




(£)LED 
Rl 



Voc 



Vcc £ 28 V 



Vo<Vcc-^ 7 , LED- 



ON 



V D >Vfc c -R^.LED-OFF 



(9) Window comparator 



-o v C c 



(10) Pulse train generator 



o Vcc 




VrefL ^ V.refH 



77T 77T 77T 



JUUUL ; 



4t=dR 2 - in 



Vcc-Vref 



(Note) Taking steps against oscillation 
The M51207L may oscillate according to input condition. If 
the M51207L should oscillate, the following countermea- 
sures are applicable. 

• In case of connecting input signal with chattering, con- 
nect a capcitor of small C A . value. 

• In case of oscillation with ordinary input, employ positive 
feedback inserting R A (large registor) , C B (no polar) or 
connect C c . 

• When the supply voltage is not stabilized, connect C D 
(a large electrolytic capacitor) to absorb the supply vol- 
tage change. 



(1 1 ) Countermeaure against oscillation 



I 
I 
i 



:R 2 1 




c B ! 

I I I 
Ra I 



:c c 



I 

7*T 



I 
I 

4r 
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(12) Sequential timer 





3-36 



A MITSUBISHI 
ELECTRIC 



MITSUBISHI LINEAR ICs 

M51922L 



DUAL COMPARATOR 



DESCRIPTION 

The M51922L is a dual (two independent) comparator and 
operates over a wide voltage range from a single supply vol- 
tage. The M51922L has a low power dissipation characteris- 
tics but enables high output drive, and fits to wide ranged 
applications, for example CR timer, oscillator, etc. 

FEATURES 

• Low input current 25nA(typ.) 

• Wide supply voltage range 2.5V~28V 

• Low dissipation current 0.4mA(typ.)(AII output OFF) 

1.5mA(typ.)(AII output ON) 

• Enables high output drive V O L=0.15V(typ.) 

(Output current 20mA) 

APPLICATION 

Voltage comparator, window comparator, CR Timer, time de- 
lay circuit, oscillator, etc. 

RECOMMENDED OPERATING CONDITIONS 

Supply voltage range 2.5~28V 

Rated supply voltage 12V 



PIN CONFIGURATION (TOP VIEW) 



T] NON-INVERTING INPUT B 
T] INVERTING INPUT B 
6] OUTPUT B 
J] POWER SUPPLY 
T] GND 
1] OUTPUT A 
T] INVERTING INPUT A 
T] NON-INVERTING INPUT A 





8-pin molded plastic SIP 



EQUIVALENT CIRCUIT 




A MITSUBISHI 
ELECTRIC 



3-37 



MITSUBISHI LINEAR ICs 

M51922L 



DUAL COMPARATOR 



ABSOLUTE MAXIMUM RATINGS <T a =25t, unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


Vcc 


Supply voltage 




28 


V 


V, D 


Differential input voltage 




Vcc 


V 


V|CM 


Common mode input voltage range 




-0. 3~V CC 


V 


'sink 


Output sink current 




80 


mA 


VoH 


"H" output voltage 




30 


V 


Pd 


Power dissipation 




650 


mW 


Topr 


Operating temperature 




-20 — h75 


°C 


Tstg 


Storage temperature 




-40 — H25 


°C 



ELECTRICAL CHARACTERISTICS (T a =25°C, V CC =2.5~28V, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


Vcc 


Supply voltage range 




2.5 




28 


V 


led 


Circuit current 1 


ALL OUTPUT ON 




1.5 


2.5 


mA 


'cC2 


Circuit current 2 


ALL OUTPUT OFF 




0.4 


0.8 


mA 


v,e 


Inverting input voltage range 


NOTE 


0 




Vcc-1.5 


V 


v,e 


Non-inverting input voltage range 


NOTE 


0 




Vcc-1.5 


V 


V,o 


Input offset voltage 






2 


5 


mV 


i.e 


Inverting input current 






25 


150 


nA 


ii© 


Non-inverting input current 






25 


150 


nA 


l.o 


Input offset current 






5 


50 


nA 


Vsat 


Output saturation voltage 


l O L=20mA 




0.15 


0.4 


V 


Vol 


"L" output voltage 


l S ink=20mA 




0. 15 


0.4 


V 


l S ink=80mA 




1 




ko 


Output leak current 








0.1 


>«A 


tpLH 


Output "L-*H" propagation delay time 






2 




JUS 


tpHL 


Output "H-*L" propagation delay time 






0.2 




jus 



NOTE) Either inverting or non-inverting inputs (reference side) should be within this range. (Abnormal operation will not occur when 
the other is within the range of 0 to V C c) 



TYPICAL CHARACTERISTICS (T a =25°C, unless otherwise noted) 



THERMAL DERATING (MAXIMUM RATING) 

1000 
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M51922L 



DUAL COMPARATOR 



INPUT CURRENT VS. INPUT VOLTAGE 
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DUAL COMPARATOR 



"L w OUTPUT VOLTAGE 
VS. AMBIENT TEMPERATURE 
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MITSUBISHI LINEAR ICs 

M51923P,FP 

DUAL COMPARATOR 



DESCRIPTION 

The M51923P.FP is a dual (two independent) comparator 
and operates over a wide voltage range from a single supply 
voltage. The M51923P.FP has a characteristic of low power 
dissipation but enables high output drive, and fits to wide 
ranged applications, for example CR timer, oscillator, etc. 

FEATURES 

• Low input current 25nA(typ.) 

• Wide supply voltage range 2.5V~28V 

• Low dissipation current 0.4mA(typ.)(AII output OFF) 

1.5mA(typ.)(AII output ON) 

• Enables high output drive V O L = 0.15V(typ.) 

(Output current 20mA) 

APPLICATION 

Voltage comparator, window comparator, CR timer, time de- 
lay circuit, oscillator, etc. 

RECOMMENDED OPERATING CONDITIONS 

Supply voltage range 2.5~28V 

Rated supply voltage 12V 



PIN CONFIGURATION (TOP VIEW) 



OUTPUT A |T 
INVERTING r— 
INPUT A IZ. 
NON-INVERTING r=- 
INPUT A LL 

GND |T 



22 

<£1 (£1 
COCO 

u>u> 
T1T3 



8] POWER SUPPLY 

J~\ OUTPUT B 
Z= INVERTING 
6J INPUT B 

m NON-INVERTING 
I 



I INPUT B 




8-pin molded plastic DIP 



8-pin molded plastic FLAT 



EQUIVALENT CIRCUIT 



INVERTING f 
INPUT B I 6 
NON-INVERTING t c 
INPUT B v 



SUPPLY VOLTAGE (8 



NON-INVERTING , 
INPUT A W 
INVERTING (2 
INPUT A 



GND 




7) OUTPUT B 



OUTPUT A 
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ABSOLUTE MAXIMUM RATINGS (T a =25°C, unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


V C Q 


Supply voltage 




28 


V 


V ID 


Differential input voltage 




Vcc 


V 


V|CM 


Common mode input voltage range 




-0. 3~V CC 


V 


'sink 


Output sink current 




80 


mA 


Vqh 


"H" output voltage 




30 


V 


Pd 


Power dissipation 




650(M51923P) 


mW 


300(M51923FP) 


Topr 


Operating temperature 




-20 — h75 


°C 


T stg 


Storage temperature 




-40 — H25 


°C 


ELECTRICAL CHARACTERISTICS (T a =25°C, V CC =2.5~28V, unless otherwise noted) 


Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Mm 


Typ 


Max 


Vcc 


Supply voltage range 




2.5 




5.5 


V 


'cci 


Circuit current 1 


ALL OUTPUT ON 




1.5 


2.5 


mA 


•CC2 


Circuit current 2 


ALL OUTPUT OFF 




0.4 


0.8 


mA 


v,e 


Inverting input voltage range 


NOTE 


0 




Vcc-1.5 


V 


v,® 


Non-inverting input voltage range 


NOTE 


0 




Vcc-1.5 


V 


V,o 


Input offset voltage 






2 


5 


mV 


1 10 


Inverting input current 






25 


150 


nA 


ll© 


Non-inverting input current 






25 


150 


nA 


'lO 


Input offset current 






5 


50 


nA 


Vsat 


Output saturation voltage 


l OL =20mA 




0. 15 


0.4 


V 


Vol 


"L" output voltage 


lsink=20mA 




0. 15 


0.4 


V 


lsink=80mA 




1 




Lo 


Output leak current 








0.1 


/"A 


tpLH 


Output "L-*H" propagation delay time 






2 




/us 


tpHL 


Output "H-*L" propagation delay time 






0.2 




juS 



NOTE) Either inverting or non-inverting inputs (reference side) should be within this range. (Abnormal operation will not occur when 
the other is within the range of 0 to V C c ) 



TYPICAL CHARACTERISTICS (T a =25r, unless otherwise noted) 



THERMAL DERATING (MAXIMUM RATING) 

1000r 



OUTPUT VOLTAGE VS. INPUT VOLTAGE 



< 

Q. 

CO 
CO 

Q 
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0- 
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Z 600 
O 



400 
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M5192 


3FP 
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_J 
O 
> 

D 
CL 
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D 
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COMPARATOR REFE 
VOLTAGE V REF =6V 15 
INVERTING INPUT 


RENCE 
3 APPLI 


ED TO 


V cc =l 


2V 
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INPUT CURRENT VS. INPUT VOLTAGE 



z 

UJ 

cc 
cc 

D 

o 
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V C c 
Vref 


=28V 
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O 

H 
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O 0.5 
CC 

o 
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M5233L, P, FP 



DUAL COMPARATOR 



DESCRIPTION 

The M5223L,P,FP is a semiconductor circuit for a compara- 
tor designed to operate over a wide supply voitage range 
from 2 to 36V from a single power supply, with two circuits in 
each 8-pin SIP and 8-pin DIP and 8-pin mini flat package. A 
differential circuit which is equivalent to a conventional sing- 
le power supply operational amplifier is used to enable op- 
eration from GND level to improve input characteristics. 
Power dissipation (circuit current) is low and output voltage 
is large. It fits to a general-purpose comparator for a variety 
fo electronic equipment. 

FEATURES 

• Wide operating supply voltage range 2V~36V 

Dual power supplies: ±1V~±18V 

• Low circuit current 0.6mA(typ.) 

• Wide common mode input voltage range 

0V~ Vcc — 1-5V (single power supply) 

• Open collector output 

• Output sink current 25mA 

• Response time 1 3/^sec 

• Pin compatible with general-purpose comparators 393, 
2930 

APPLICATION 

Voltage comparator, window comparator, CR timer, time de- 
lay circuit, oscillator, etc. 

RECOMMENDED OPERATING CONDITIONS 

Supply voltage range 2~36V 

Rated supply voltage 12V 



PIN CONFIGURATION (TOP VIEW) 
SIP 



ch2 



chl 




J] POWER SUPPLY 

7] OUTPUT 2 

J] INVERTING INPUT 2 

T| NON-INVERTING INPUT 

T| GND 

jTJ NON-INVERTING INPUT 1 
T] INVERTING INPUT 1 
T] OUTPUT 1 



DIP, MINI FLAT 

OUTPUT |T 
INVERTING nr 
INPUT 1 YL 
NON-INVERTING rr 
INPUT 1 LL 
GND [T 




][] POWER SUPPLY 

7] OUTPUT 2 
I INVERTING 



INPUT 2 
INPUT 2 



■£| NON-INVERTING 




8-pin molded plastic SIP 



8-pin molded plastic FP 
(MINI FLAT) 




8-pin molded plastic DIP 



EQUIVALENT CIRCUIT 



-O V c 



INPUT ( + ) O- 




Q 3 



INPUT ( — ) O- 



-O OUTPUT 



Q 8 



Qe 



1 



17T 77T 



•^Two circuits are featured in 
the circuit on the left 
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ABSOLUTE MAXIMUM RATINGS (T a =25°C, unless otherwise noted) 



Symbol 


Parameter 


Ratings 


Unit 


V cc 


Supply voltage 


36(±18) 


V 


V, D 


Differential input voltage 


36 


V 


V|CM 


Common mode input voltage range 


-0. 3~+36 


V 


Pd 


Power dissipation 


800(SIP)/625(DIP)/440(FP) 


mW 


Topr 


Operating temperature 


-20-+75 


°C 


Tstg 


Storage temperature 


-55 — hi 25 


°C 



ELECTRICAL CHARACTERISTICS (T a =25c, v cc =5v) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


V lo 


Input offset voltage 


V 0 =1 . 4V, V REF =1 . 4V, R s =0Q 




2 


5 


mV 


l,o 


Input offset current 






5 


50 


nA 


Ib 


Input bias current 






25 


250 


nA 


V|CM 


Common mode input voltage range 




0 




Vcc-1.5 


V 


Gv 


Voltage gain 


R u =15kQ 




200 




V/mV 


'cc 


Circuit current 


R L =oo 




0.6 


1 


mA 


tpLH 


Response time 


R L =5. IkQ, V RL =5V 




1.3 




jusec 


'sink 


Output sink current 


V, N (_)=lV,V IN ( + )==0V,Vo^1.5V 


10 


25 




mA 


Vol 


Output saturation voltage 


V, N (-)=1V, V IN(+) =0V, | sjnk =8mA 




200 


400 


mV 


'lo 


Output leak current 


V,n( + )=1V,V in( _)=0V, V G =5V 




0. 1 




nA 
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MITSUBISHI LINEAR ICs 

M51200P 

DUAL COMPARATOR 



DESCRIPTION 

The M51200P is a semiconductor integrated circuit for a 
dual voltage comparator designed to operate from a single 
power supply. 

Comparator A has two inputs and one output while compa- 
rator B has one input and two outputs with half the supply 
voltage as its reference voltage. Especially the M51200P 
can operate at low supply voltage and has superiority as to 
input current (input resistance) and fits to wide ranged ap- 
plications. 

The M51200P's package is 10-pin FLAT package and 
makes mounting of components easy. 

FEATURES 

• Operates over low supply voltage range 1.4~6.0V 

• Low input current 3nA(typ.) 

• Capable of directly driving a relay or a lamp 

40mA(max.) 

• High breakdown voltage 18V(max.) 

• Includes voltage surge absorbing zener diode for 
protection 

APPLICATION 

Voltage comparator, electronic shutter, CR timer, time delay 
circuit, oscillator. 

RECOMMENDED OPERATING CONDITIONS 

Supply voltage range 1.4~6.0V 

Rated supply voltage 3.0V 



PIN CONFIGURATION (TOP VIEW) 


POWER SUPPLY [T 
INPUT B+ [T 
OUTPUT B— [J 
OUTPUT B-h [J 
GND []f 


M51200P 

o 


TO) INPUT A+ 
9] INPUT A— 
T) NC 
7] GND 
][] OUTPUT A 




NC : NO CONNECTION 




10-pin molded plastic FLAT 



EQUIVALENT CIRCUIT 



INPUT A— (9] 

INPUT A+no) 



V cc AO- 



INPUT B+ 





GND GND 



1 ) POWER SUPPLY 



6 ) OUTPUT A 



[3) OUTPUT B— 
(7) OUTPUT B+ 
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M51200P 



DUAL COMPARATOR 



ABSOLUTE MAXIMUM RATINGS (T a =25°C, unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


Vcc 


Power supply 




6 


V 


V, N 


Input voltage 




Vcc 


V 


1© 


Output sink current 




40 


mA 


1® 


2 


mA 


1® 


25 


mA 


V© 


Output drive voltage 




18 


V 


v© 


10 


V 


v® 


18 


V 


Pd 


Power dissipation 




180 


mW 


T"opr 


Operating temperature 




-20 — h75 


°C 


T stg 


Storage temperature 




-40 — H25 


°C 


ELECTRICAL CHARACTERISTICS (T a =25°C, V CC =3.0V, unless otherwise noted) 


Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


Vcc 


Supply voltage range 




1.4 




6.0 


V 


Ice 


Circuit current 


V CC =3V 




•1.8 


2.8 


mA 


V C c=6V 




3.4 


4.9 


l|N<3<3> 


Input current 


V CC =3V 




3 


10 


nA 


l|NC9) 




3 


10 


nA 


i § isjc2> 




8 


100 


nA 


V REF 


Reference voltage of comparator B 


V CC =3V 


1.35 


1.5 


1.65 


V 


Vsc6) 


Output saturation voltage 


l<6D=20mA 




0.18 


0.3 


V 


V S C3) 


l©=10^A 




38 


60 


mV 


V S C4^ 


1(4)= 25mA 




0.2 


0.5 


V 


V Z (6) 


Output protection zener voltage 


l(g)= 5 m A 


18 


21 


26 


V 


V z ® 


l<3)=5mA 


18 


21 


26 


V 


V IN 


Input voltage range 


V CC =3V 


0.8 




Vcc-0.2 


V 


tpLH 


Output "L-*H" propagation delay time 


V CC =3V 




20 




juS 


tpHL 


Output "H-*L" propagation delay time 




20 




juS 



TYPICAL CHARACTERISTICS (T a =25 0 C, unless otherwise noted) 



THERMAL DERATING (MAXIMUM RATING) 
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DUAL COMPARATOR 



CIRCUIT CURRENT VS. SUPPLY VOLTAGE 



INPUT CURRENT AT PIN 
VS. INPUT VOLTAGE 



z 

LU 
DC 
DC 
D 
O 
H 
D 
O 
QC 

O 




0 2 4 6 

SUPPLY VOLTAGE V cc (V) 



Z 
LU 
QC 
AC 
D 
O 
I- 
D 
CL 
Z 
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INPUf VOLTAGE V<r© (V) 



CIRCUIT CURRENT VS. 
AMBIENT TEMPERATURE 



Z 
LU 

QC 
CC 
D 
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O 
QC 
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=3V 









































































—40 —20 



20 40 60 80 



AMBIENT TEMPERATURE T a (°C) 
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cr 
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D 
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INPUT CURRENT AT PIN ® VS. 
AMBIENT TEMPERATURE 




-40 —20 0 20 40 60 80 
AMBIENT TEMPERATURE T a (°C) 



OUTPUT SATURATION VOLTAGE 
AT PIN ®VS. OUTPUT SINK CURRENT 




OUTPUT SINK CURRENT 
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MITSUBISHI LINEAR ICs 

M51200P 



DUAL COMPARATOR 



APPLICATION EXAMPLES 

(1) Electronic shutter (2) Comparator 




V,<1/2V CC : V®=High, V(S)=Low 



(3) Detection circuit (4) Oscillator 




v, O 



irr 



3-50 



A MITSUBISHI 
ELECTRIC 



MITSUBISHI LINEAR ICs 

M51209P 

QUAD COMPARATOR 



DESCRIPTION 

The M51209P is a quad (four independent) comparator and 
operates over a wide voltage range from a single supply 
voltage. Especially the M51209P has superiority as to char- 
acteristics of input current (input resistance) and fits to 
wide ranged applications, for example CR Timer, oscillator, 
etc. 

FEATURES 

• Low input curret (high input resistance) 20nA(typ.) 

• Wide supply voltage range 2.5V~28V 

• Low dissipation current 6.8mA(typ. ) 

• Capable of driving a relay or a lamp directly 

200m A( max.) 

• Includes voltage surge absorbing zener diodes 

• High output breakdown voltage 30V(max.) 

• Low output voltage (lsink = 60mA) 0.2V(typ.) 

• Low input offset voltage 2mV(typ.) 

APPLICATION 

Voltage comparator, sequential timer, pulse generator, 
analog / digital converter, time delay circuit 

RECOMMENDED OPERATING CONDITIONS 

Supply voltage range 2.5— 28V 

Rated supply voltage 12V 



PIN CONFIGURATION (TOP VIEW) 



OUTPUT B|T 
OUTPUT A [7 
POWER SUPPLY |T 

INVERTING INPUT A [7 

NON-INVERTING FT 
INPUT A LI 

INVERTING INPUT b[T 

NON-INVERTING fT 
INPUT B^- 




75] OUTPUT C 
T3] OUTPUT D 
J2]GND 

771 NON-INVERTING 
HI INPUT D 

]0] INVERTING INPUT D 

"7TI NON-INVERTING 
-2J INPUT C 

T] INVERTING INPUT C 




14-pin molded plastic DIP 
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M51209P 



QUAD COMPARATOR 



ABSOLUTE MAXIMUM RATINGS (T a =25°C, unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


Vcc 


Supply voltage 




28 


V 


V (D 


Differential input voltage 




Vcc 


V 


V|CM 


Common mode ihput voltage range 




-0. 3~Vcc 


V 


Isink 


Output sink current 




200 


mA 


Vqh 


"H" output voltage 




30 


V 


Pd 


Power dissipation 




900 


mW 


Topr 


Operating temperature 




-20 — h75 


°C 


Tstg 


Storage temperature 




-40 — hi 25 


°C 



ELECTRICAL CHARACTERISTICS (T a =25°C, V CC =2.5~28V, unlese otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


Vcc 


Supply voltage range 




2.5 




28 


V 


Ice 


Circuit current 






6.8 


9.5 


mA 


v,e 


Inverting input voltage range 




0 




Vcc-1-5 


V 


v,® 


Non-inverting input voltage range 




0 




Vcc-1.5 


V 


V,o 


Input offset voltage 






2 


7 


mV 


he 


Inverting input current 






20 


100 


nA 


ii® 


Non-inverting input current 






20 


100 


nA 


'lO 


Input offset current 






5 


50 


nA 


Vol 


"L" output voltage 


l sink =60mA 




0.2 


0.4 


V 


l smk =200mA 




1 




Ilo 


Output leak current 








0.1 


juA 


tpLH 


Output "L-*H" propagation delay time 






2 




/us 


tpHL 


Output "H-*L" propagation delay time 






1 




/US 



TYPICAL CHARACTERISTICS (T a =25°C, unless otherwise noted) 



E 1200 



900 



300 



THERMAL DERATING 
(MAXIMUM RATING) 



0 25 50 75 100 1,25 
AMBIENT TEMPERATURE T a CC ) 



O 
> 

D 
CL 
\— 
D 

o 



OUTPUT VOLTAGE VS 
INPUT VOTAGE 



COM PA 
V REF =6 
INPUT 


RATOR 
V IS APR 


REFERE 
LIED TO 


NCE VOl 
INVERT 
V 


_TAGE 
ING 

cc=12V 











































0 3 6 9 12 15 

INPUT VOLTAGE V,(V) 
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INPUT CURRENT VS 
INPUT VOLTAGE 



INPUT CURRENT VS 
SUPPLY VOLTAGE 



z 
uj 
cc 
cc 

ZD 
O 
h- 
D 













V CC =28V 
V re f=14V 



















































































































0 4 8 12 16 20 24 28 
INPUT VOLTAGE V,(V) 















v,= 


=ov 



















































































































0 4 8 12 16 20 24 28 32 
SUPPLY VOLTAGE V CC (V) 



< 

E 



D 
O 

D 
O 
DC 

O 



CIRCUIT CURRENT VS 
SUPPLY VOLTAGE 



4 8 12 16 20 24 28 32 
SUPPLY VOLTAGE V CC (V) 



"L" OUTPUT VOLTAGE VS 
OUTPUT SINK CURRENT 



> 

w 200 



O 150 
< 



100 



50 



V cc =2 


8V 

















































0 15 30 45 60 

OUTPUT SINK CURRENT l s ink(mA) 



CIRCUIT CURRENT VS 
AMBIENT TEMPERATURE 



INPUT CURRENT VS 
AMBIENT TEMPERATURE 



o 

D 
O 
CC 

o 





















v 




/ 









































































-40 -20 0 20 40 60 80 
AMBIENT TEMPERATURE T a (°C ) 



O 
I- 

D 
CL 
Z 











— V c 


-_ = 19V/ 










v 


=ov 











































































-40 -20 0 20 40 60 80 
AMBIENT TEMPERAURE T a (°C) 
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PRECAUTIONS FOU USE 

1. Special care must be taken to protect the M51209P from 
large surges in current, such as may result from the in- 
correct connection of the V C c and GND terminals. 

2. Output is "open collector" and a loading resistor is not in- 
cluded. Connect a loading resistor to stabilize operation, 
when driving another. 

APPLICATION EXAMPLES 



(1) Voltage comparator 



V| o- 




LOAD 



O V 0 



If V REF >V, V 0 =Low 
lfV REF <V, V 0 =High 



V, o- 



Vref 



(2) Schmitt trigger circuit 

. o v C c 



-o v 0 £ 



R4 



Vrefu VrefH 
— * V, 



V, -w R 2 (Rl + R4+R L ) 

VrefH-Vcc- Ri(R4+RL)+R2(Rl _ hR4+Ru) 
V re fL=Vcc- R2R4+R * (R2+R4) 



(3) Monostable multi-vibrator 




■o v C c 



o v 0 



t=CR 3 - &n- 



Vcc-V r ef 



[sec] 



(4) Unstable multi-vibrator 

o v cc 



R 3 

-vW 1 




R,S - 

t 



R, 

— I 



~o v 0 



EL 



ti t 2 



,,=CMn^±5l t _ CFM n _Bl±5i (Rl<r„ r* r, r 4 ) 

H3 M3 



(5) Pulse generator 



-o v C c 

Rl^Ri 1 R 2 > R31 R4 
V F | D, Forward voltage 
V F2 • D 2 Forward voltage 




v = Vcc-R 2 (Ri+R3) 
VrefH R1R2+R2R3+R3R1 

y — VCCR2R3 

RiR2 - f"R2R3 - r"R3Ri 



t^CRgfi n- 
t 2 =CR 4 £ n 



Vcc-VrefL-VF 2 

Vcc-VrefH 
VrefH— Vfi 



(6) CR Timer 




vr 7tr rtr 



■o V C c 



t=CR 1 - 1 n- 



Vcc-Vref 



VrefL 
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(7) Sensor detector (8) Battery check circuit 




Vo<Vcc-^ 7 ;LED^ON 
V D >V CC - Rg " 3 R3 ; LEP-^OFF 



(9) Window comparator 



(10) Pulse train generator 



Vrefu 





v 0 



VrefH 



-o V C c 



o Vcc 



|VR 2 



t 

Vcch"' 



VrefL ^ v refH 




JUUUL' 



UjtJ— t 



Jt=dR 2 - Hn- 



Vcc-Vref 



(11) Countermeaure against oscillation 



(Note) Taking steps against oscillation 
The M51209P may oscillate according to input condition. If 
the M51209P should oscillate, the following countermea- 
sures are applicable. 

• In case of connecting input signal with chattering, con- 
nect a capcitor of small C A . value. 

• In case of oscillation with ordinary input, employ positive 
feedback inserting R A (large resistor) , C B (no polar) or 
connect C c . 

• When the supply voltage is not stabilized, connect C D 
(a large electrolytic capacitor) to absorb the supply vol- 
tage change. 
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(12) Sequential timer 




£c 3 



(13) Analog/Digital converter 



Vi o 
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DESCRIPTION 

The M51924P,FP is a quad (four independent) comparator 
and operates over a wide voltage range from a single supply 
voltage. Especially the M51924P.FP has superiority as to 
characteristics of input current (input resistance) and fits to 
wide ranged applications, for example CR timer, oscillator, 
etc. 

FEATURES 

• Low input current 25nA(typ.) 

• Wide supply voltage range 2.5~28V 

• Low dissipation current 

0.8mA(typ.)(AII output OFF) 

3mA(typ.)(ALL output ON) 

• Enable high output drive V O L=0.15V(typ.) 

(Output current 20mA) 

APPLICATION 

Voltage comparator, window comparator, CR timer, time de- 
lay circuit, oscillator. 

RECOMMENDED OPERATING CONDITIONS 

Supply voltage range 2.5~28V 

Rated supply voltage 12V 



PIN CONFIGURATION (TOP VIEW) 


OUTPUT B |T 




[4] OUTPUT C 


OUTPUT A [2* 




131 kJ U 1 rU 1 U 


POWER SUPPLY [3 




[2] GND 


INVERTING rr 
INPUT A Li 
NON-INVERTING rr 
INPUT A Hi 

INVERTING rr 
INPUT B ^ 
NON- INVERTING TT 
INPUT B u - 


1924P, FP 


--, NON-INVERTING 
LU INPUT D 

INVERTING 
1^1 INPUT D 

NON-INVERTING 
li INPUTS 
-rI INVERTING 

INPUT C 










14-pin molded plastic DIP 



14-pin molded plastic FLAT 



EQUIVALENT CIRCUIT 



INVERTING NON-INVERTING 
OUTPUT A INPUT C INPUT C 



<D — <B>— <?> 



NON 
INVERTING f b 

INPUT A 
INVERTING (4 

INPUT A 



GND/-J2, 

NON- >< 7tr 
INVERTING ( 7 

INPUT B 
INVERTING (6 
INPUT B 




<D — ^) — ® 

OUTPUT B NON- INVERTING 
INVERTING INPUT D 
INPUT D 



OUTPUT C 



SUPPLY 
13) OUTPUT D 
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ABSOLUTE MAXIMUM RATINGS (T a =25°C, unless otherw.se noted) 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


Vcc 


Supply voltage 




28 


V 


V,D 


Differential input voltage 




Vcc 


V 


V|CM 


Common mode input voltage range 




-0. 3~V CC 


V 


•sink 


Output sink current 




80 


mA 


Vqh 


"H" output voltage 




30 


V 


Pd 


Power dissipation 




900(M51924P) 


mW 


350(M51924FP) 


Topr 


Operating temperature 




-20 — r-75 


°C 


Tstg 


Storage temperature 




-40— hi 25 


°C 


ELECTRICAL CHARACTERISTICS (T a =25°C, V CC =2.5~28V, unless otherwise noted) 


Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


Vcc 


Supply voltage range 




2.5 




28 


V 


'cci 


Circuit current 1 


ALL OUTPUT ON 




3.0 


5.0 


mA 


•cC2 


Circuit current 2 


ALL OUTPUT OFF 




0.8 


1.6 


mA 


v,e 


Inverting input voltage range 


NOTE 


0 




Vcc-1.5 


V 


v,® 


Non-inverting input voltage range 


NOTE 


0 




Vcc-1.5 


V 


V,o 


Input offset voltage 






2 


5 


mV 


i.e 


Inverting input current 






25 


150 


nA 


lie 


Non-inverting input current 






25 


150 


nA 


•io 


Input offset current 






5 


50 


nA 


Vsat 


Output saturation voltage 


l O L=20mA 




0. 15 


0.4 


V 


Vol 


"L" output voltage 


l S ink=20mA 




0. 15 


0.4 


V 


lsink=80mA 




1 




Ilo 


Output leak current 








0. 1 


M A 


tpLH 


Output "L-*H" propagation delay time 






2 




jus 


tpHL 


Output "H-^L" propagation delay time 






0.2 




/uS 



NOTE) Either inverting or non-inverting inputs (reference side) should be within this range (Abnormal operation will not occur 



when the other is within the range of 0 to V C c ) 



TYPICAL CHARACTERISTICS ( T a =25°C, unless otherwise noted) 
THERMAL DERATING (MAXIMUM RATING) 

1000r 



800 



600 



•5 400 

CO 
Q 



200 





\l M51 


)24P 






















\ 






^M51 


924FP 


\ 

\ 

\ 

\ 












\ 

\ 



0 25 50 75 100 125 

AMBIENT TEMPERATURE T a ( C ) 



OUTPUT VOLTAGE VS. INPUT VOLTAGE 



< 
i- 

§ 

\- 

D 
0. 

h- 
D 
O 



15 



COMPARATOR REFEI 
VOLTAGE V REF =6V 15 
INVERTING INPUT 


RENCE 
3 APPLI 


ED TO 


v CC =l 









































3 6 9 12 15 

INPUT VOLTAGE V, (V) 
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INPUT CURRENT VS. INPUT VOLTAGE 



INPUT CURRENT VS. SUPPLY VOLTAGE 



40 
35 
30 
25 
20 
15 
10 
5 
0 













Vcc='28V 
Vref=14V 



















































































































I 8 12 16 20 24 28 32 
INPUT VOLTAGE V, (V) 



I- 
Z 
LU 

cc 
cc 

D 
O 
I— 
D 
D- 
Z 



























































v,=ov 

























0 6 12 18 24 30 

SUPPLY VOLTAGE V cc (V) 



CIRCUIT CURRENT VS. SUPPLY VOLTAGE 

5 



"L" OUTPUT VOLTAGE VS. 
OUTPUT SINK CURRENT 



z 

LU 

CC 

cc 

D 

o 

H 
D 

O 
CC 

O 















ALL 


DUTPU 


T ON 


















OUTPL 








- ALL 


T OFF 















0 6 12 18 24 30 

SUPPLY VOLTAGE V cc (V) 



> 
E 



> 150 



< 

o 
> 
I- 

D 
CL 
\- 
D 
O 



100 



50 



Vcc=i; 


?v 







































0 5 10 15 20 25 

OUTPUT SINK CURRENT l sink (mA) 



CIRCUIT CURRENT VS. 
AMBIENT TEMPERATURE 



INPUT CURRENT VS. 
AMBIENT TEMPERATURE 



tr 
cc 

D 

O 

D 
O 
QC 

o 











V c 


c=12\ 


f 
















ALL 


OUTF 


3 UT O 


N^ 






















AL 














L OU" 


rPUT 


DFF 







-40 -20 0 20 40 60 80 
AME^kENT TEMPERATURE T a ( C ) 











V CC =12V 
V,=2V 














3 f=DV 























































































40 —20 0 20 40 60 80 
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DESCRIPTION 

The M5234P.FP is a semiconductor circuit for a comparator 
designed to operate over a wide supply voltage range from 
2 to 36V from a single power supply, with four circuits in 
each 14-pin DIP and 14-pin mini flat package. A differential 
circuit which is equivalent to a conventional single power 
supply operational amplifier is used to enable operation from 
GND level to improve input characteristics. Power dissipa- 
tion (circuit current) is low and output voltage is large. It is a 
general-purpose comparator suitable for a variety of electro- 
nic equipment. 

FEATURES 

• Wide operating supply voltage range 2V~36V 

Dual power supplies: ±1V~±18V 

• Low circuit current 0.8mA(typ.) 

• Wide common mode input voltage range 

0V~V C c — 1.5V (single power supply) 

• Open collector output 

• Output sink current 25mA 

• Response time 1.3^sec 

• Pin compatible with general-purpose comparators 339, 
2901 

APPLICATION 

Voltage comparator, window comparator, CR timer, time de- 
lay circuit, oscillator, etc. 

RECOMMENDED OPERATING CONDITIONS 

Supply voltage range 2~36V 

Rated supply voltage 12V 



PIN CONFIGURATION (TOP VIEW) 
DIP, MINI FLAT 



OUTPUT 2 [T 

OUTPUT 1 [T 

POWER SUPPLY \J 
INVERTING 
INPUT 1 LI 
NON-INVERTING nr 
INPUT 1 L2- 
INVERTING Vq 
INPUT 2 *— 
NON-INVERTING \J 
INPUT 2 1 




OUTPUT 3 
OUTPUT 4 
GND_ 

NON-INVERTING 
INPUT 4 
INVERTING 
INPUT 4 

NON-INVERTING 
INPUT 3 
INVERTING 
INPUT 3 



14-pin molded plastic FP 
(MINI FLAT) 




14-pin molded plastic DIP 



EQUIVALENT CIRCUIT 



INPUT ( + ) O- 



— ^ — ©rut 

{ q, S c 



-O V c 



INPUT ( — )0- 



-O OUTPUT 



Q 8 



•)KFour circuits are featured in 
the circuit on the left. 
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ABSOLUTE MAXIMUM RATINGS (T a =25°C, unless otherwise noted) 



Symbol 


Parameter 


Ratings 


Unit 


Vcc 


Supply voltage 


36(±18) 


V 


V, D 


Differential input voltage 


36 


V 


V|CM " 


Common mode input voltage range 


-0. 3~+36 


V 


Pd 


Power dissipation 


700(DIP)/550(FP) 


mW 


Topr 


Operating temperature 


-20 — 1-75 


°C 


T stg 


Storage temperature 


-55— 1-125 


°C 



ELECTRICAL CHARACTERISTICS CT a =2 5 c, v oc =±i5v) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


V,o 


Input offset voltage 


V 0 = 1 . 4V, V REF = 1 . 4V, R s =0 Q 




2 


5 


mV 


l,o 


Input offset current 






5 


50 


nA 


Ib 


Input bias current 






25 


250 


nA 


V|CM 


Common mode input voltage range 




0 




Vcc-1.5 


V 


G v 


Voltage gain 


R L =15kQ 




200 




V/mV 


•cc 


Circuit current 


R L =oo 




0.8 


2 


mA 


tpLH 


Response time 


R L =5. 1kQ,V RL =5V 




1.3 




pl sec 


■sink 


Output sink current 


V IN (-)=1 V, V, N(+) =0V, V 0 ^1 . 5V 


10 


25 




mA 


Vol 


Output saturation voltage 


V,n(-)=1V, V INI(+ )=0V, | sink =8mA 




200 


400 


mV 


Ilo 


Output leakage current 


V, N (+)=1 V, V IN( _)=0V, V 0 =5V 




0. 1 




nA 



TYPICAL CHARACTERISTICS 

THERMAL DERATING (MAXIMUM RATING) 

1000 

? 

E 

~ 800 



z 
g 
i- 

t 

CO 
CO 

Q 



600 



400 



200 













M5234F 










M5234f 












r 



















0 25 50 75 100 125 
AMBIENT TEMPERATURE T a (°C) 



OUTPUT SATURATION VOLTAGE VS. 
OUTPUT SINK CURRENT 




O 



0.01 



0. 1 3 5 7 1 3 5 710 3 5 7100 
OUTPUT SINK CURRENT l s ink (mA) 
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QUICK REFERENCE TABLE OF VOLTAGE REGULATORS 



1 

Application 


Type No. 


Function 


Features 


Maximum ratings 


Electrical characteristics (typ.) 


Equivalent 


Package 
outline 


Input voltage 
range 
V, 
(V) 


load 
current 

II 
(mA) 


Power 
dissipation 
Pd 
(mW) 


Input bias 
current 

Ib 
(mA) 


Ripple 
rejection 
ratio 
RR 
(dB) 


Reference 
voltage 
Vref 
(V) 


Minimum 
1/0 voltage 
differential 

(V) 


Output noise 
voltage 
V NO 
(//Vrms) 


Variable output 


M5230L 


Positive/negative vari- 
able voltage regulator 
(tracking type) 


• Withstands high voltage, and has 
high ripple rejection ratio 

• Capable of ON/OFF control and variable 
rising time constant of output voltage 


±8~±35 


30 


800 


1.3 


68 


1.8 


2.5 

/0.1 ) 
\ possible / 


12 


TA7179P 


8-pin SIP 


M5231TL 


Variable positive single 
power supply 


• Withstands high voltage, and has 
high ripple rejection ratio 

• Constant variable and ON/OFF control at 
the time of output voltage nse 


8—70 


30 


300 


1.2 


62 


1.8 


2.5 

(0.1 \ 
V possible / 


6 


//PC141 
^PC305 
TA7089P 


5-pin SIP 


Low I/O voltage 
differential operation 


M5235L 


3-Terminal low voltage 
variable output voltage 
regulator (drive type) 


• Very low input-output voltage 
differential operation 

• Low operating voltage (V| Nm , n =1. 3V) 

• Small outline 


V IN 1.3~7 


20 


300 


1.6 


56 


0.79 


0.1 


18 




Compack 3-pin 
SIP 


M5236 


General-purpose 
3-terminal variable 
output voltage regulator 
(driver type) 


• Low input-output voltage 
differential operation 

• High withstand voltage 

• High ripple rejection ratio 


V, N 3. 5—36 


30 


900 


1.7 


68 


1.26 


0.2 


33 


- 


L: 3-pin SIP 
ML: 3-pin mini 
FLAT 


Fixed positive output 


*M5278L05 


5V 3-terminal regulator 


• Internal fold-back 
protection circuit for load 
terminal short circuit 

• High ripple rejection ratio 

• High output-voltage 
accuracy 


8—36 


100 


900 


4.8 


73 


Output voltage Vo 
5±0. 25 


2 


49 


78L 


3-pin SIP 
(TO-92L) 


*M5278J_56 


5. 6V 3-terminal regulator 


8. 6—36 


73 


5. 6±0. 28 


55 


*M5278L08 


8V 3-terminal regulator 


11—36 


59 


8±0.4 


80 


*M5278L09 


9V 3-terminal regulator 


12-36 


58 


9±0. 45 


90 


*M5278L10 


10V 3-terminal regulator 


13—36 


57 


10±0.5 


100 


*M5278L1£ 


12V 3-terminal regulator 


15—36 


55 


12±0. 6 


110 


*M5278L15 

■VI 1 %J 


15V 3~terminal regulator 


18-36 


52 


15±0.75 


140 


Switching 


M5T494 


Switching regulator 
control 


• Internal under voltage 
lock-out circuit 

• Output voltage of reference 
voltage circuit 5V±5% 

• Applicable to single-end, 
push-pull 


7— 40V 


200 


1000(P) 
800(FP) 


7 




5V 






TL494 
MB3759 
,aPC494 


P: 16-pin DIP 
FP: 16-pin mini 
FLAT 



New product 




16-pin DIP 16-pin FLAT 
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TEST METHOD, APPLICATION EXAMPLE AND PRECAUTIONS FOR USE OF VOLTAGE REG- 
ULATOR 

Methods of measuring various electric characteristics, applications and general precautions in the use of power-supply ICs are ex- 
plained, with M5231, a general purpose variable-voltage positive power-supply IC as an example. 
1 . Test method 
1-1. Test circuit 1 



Vcc 



7" 



777" 



INPUT 
VOLTAGE 

V, 
p 



y 0 +z 



DUT 



SEALED WIRE 



<dH -<i>- 



FILTER 
20Hz~100kHz 



NOISE 
METER 



R 2 _ 



REFERENCE V REF 
VOLTAGE Z£ 

||ri io,«f 

33kQ 



LOAD OUTPUT 
CURRENT VOLTAGE 
OV 0 



l t3 



0 & 



Vref-' Reference voltage 
Reference voltage for variable output voltage regula- 
tor. Voltage between pins ®— © and is 1.8V typ. 

V 0 : Output voltage 
Voltage between pins ©—(5). V 0 is determined by the 
following equation. 

V 0 =V REF X(1+|^)(V) 

V|. 0 : Minimum input-output voltage differential 
Voltage difference of input voltage (V|) and output 
voltage (V 0 ) required for stable operation of the 
device. 

Difference of input voltage and output voltage is mea- 
sured when input voltage regulation (Reg-in) is re- 
duced by 6dB. 
Reg-in: Input regulation 
Indicates ratio of output voltage regulation against in- 
put voltage regulation. When input voltage changes 
from Vn to V\2, and output voltage changes from V 0 i to 
V 0 2, the Reg-in is obtained in the following equation. 

Reg-in= Vq2 ~ V ° 1 X w V, X100 (%/V) 

Vol V| 2 — v n 

Reg-L: Load regulation 
Ratio of output voltage regulation against load current 
regulation. When load current (l L ) changes from l L i to 
l L 2, Reg-L is obtained by the following equation. 

Reg-L= Vo ir V ° 2 Xl00(%) 

VQ1 



l B : Bias current 

Circuit current (power dissipation current) required 
for stable operation of the device. If load current (l L ) is 
0 and input current is h, the l B is expressed by the fol- 
lowing equation. Current in reference voltage pin ® is 
minimum and can be disregarded. 
, _. Vref 

l B — h l2— M Ri 

1.8V 

%,l "a^kcT^ ,1 ~ a55mA 

V NO : Output noise voltage 
Noise at output pin is measured with a noise meter 
using band pass filter of 20Hz~100kHz. 

TCV 0 : Temperature coefficient of output voltage 
Output voltage regulation owing to ambient tempera- 
ture change. When the device is placed in isothermal 
bath, and ambient temperature changes from T a i to 
T a 2, and output voltage changes from V 0 1 to V 0 2, 
TCV 0 is expressed b^ the following equation. 

TCV o= w riT-9vr \ x t 1 t X10 ° {%rc) 
v 0 (@T a =25C) T a) — T a2 
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1-2. Test circuit 2 



ej=0. 775Vrms 
f=120Hz V, 
Q 



SEALED WIRE 




RR: Ripple rejection ratio 
Ratio of output ripple (e 0 ) against input ripple (ej) is 
expressed by the following equation. 



RR=log— L (dB) 



where, V,=V 0 +5V 



2. Application example 

2-1. Block diagram (M5231TL) 



STARTING 
CIRCUIT 



REFERENCE 
VOLTAGE 
ENERATION 
CIRCUIT 



THERMAL 
CUTOFF 
CITCUIT 



< 



OVER- I 

currentL 

CONTROlT 
CIRCUIT I 



{£) OUTPUT 

compen; 

(output control) 



0 COMPENSATION 



— (S)gnd 



VOLTAGE ADJUSTMENT 
(REFERENCE VOLTAGE) 



2-2. Input voltage range 

Minimum input voltage required for stable operation and 
maximum input voltage (maximum rating) to prevent 
destruction of the device. 

For the M5231TL, the minimum input voltage is 8V for 
generating internal reference voltage, and maximum in- 
put voltage is 70V. 
2-3. Output voltage setting 



v, o- 



LOAD 



Output voltage (V Q ) can be set freely by externally con- 
nected resistors Ri, R2 from the following equation, 

R 2 . 



The R2 is obtained from the following equation. 
V 0 




R 2 =RiX(- 



-1) 



V REF 

For the M5231TL, V REF =1.8V typ. 

Ri=3.3kQ (recommended value) 
output voltage setting range V 0 =3V 
~50V 

2-4. Input-output voltage difference 

Input voltage should be higher than output voltage for 
stable operation of the device. The minimum voltage 
difference is shown by V t . 0 - 

If the input voltage contains ripple element, the input 
voltage must be determined considering the ripple vol- 
tage. 

Vrr p p 

Input voltage V,>V 0 +(V,_ 0 )H — 
(V Q : Output voltage) 

(V|. 0 : Minimum input-output voltage difference) 
Vpf l P " P : 1/2 of ripple voltage (peak to peak) 



Vo=V RE fX(1+ 1 ^) 
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v,o~ 



Rsc 

. , Q 2 , 1 — Wv — j 1— 



2) 

KD- 



The design procedure is shown in the following. (V|= 
18V, V 0 =12V J I L p=2A, l sc ^0.4A) 

Control circuit consists of Qi, R A , Rb and R S c- 
To determine R S c. 

when base-emitter voltage (V B ei) of Qi is 0.6V, 

Rsc> Isc -0.4- 
To determine R A , Rb. 



= 1.5—1.80. 



" ( — d i o — ) ' RA= V BE 1 



(1) 



nsc -LP" v Ra+Rb 

when ( ) shows breeder current (l AB ) in resistors 
R A , Rb and is 5mA, 

_ Rsc*Lp~Vbei _ Rsc*Ilp~Vbei 



From 



R B = 



•ab 

=600—6800. 
Vo+RscIlp _ 



5X10- 



Ra+Rb 
Vq+Rsc'Ilp 



■Ra= 



12+1.8X2 
5X10 -3 



■AB 

=2440— 2.7kO 
With R SC =1.5Q, R A =480O, R B =5.1kQ, l LP and l sc 
are calculated from equation 1 below. 



i (fPiM \_ Vbei(Ra+Rb) i Vq'Ra 
iLP^iLmax/— p p • r . p 

"SC "B rise M B 



0.6(680+2.7X10 3 ) + _ 12X680 



+ 



-O V 0 




=0.417+1. 68=2.09(A) 

(Designed value 2A) 

. i r^Ki ^\__ Vbei(Ra+Rb) _ n AA -, 
l S c(@V o =0)= p — ~e -0.417 

(Designed value 0.4A) 

Power dissipation of each resistor 
R A ; Pd=(l AB ) 2 XR A =0.017 (W) 
R B ; Pd=(lA B ) 2 XR B =0.067 (W) 
Rsc; Pd(max)=l L P 2 XR S c=7.86 (W) 

(determined by load current) 

To determine Qi, 
Maximum collector dissipation, 
Pc ( max) = ( V(D.(5)+ Isc ' Rsc ) X l 0 ( max ) 
= 2.8VX60mA=1 68(mW) 
V C eo>V(D.(5)+Ilp+Rsc=2.1+3.76=5.86(V) 
lc>lo(max)=60mA 
To determine O2, 
Maximum collector dissipation, 

Pc(max) = VcE'lLP 

= (V,-(Vo+Rsc-I lp )Mlp=4.67(W) 
In shorted load condition, 

Pc=(V,-l S c-RscHsc=7.19(W) 

Vceo > V|= 1 8V l c > Ilp= 2.09A 
If the output voltage of M5231TL l o =10mA, 



hFE(n 



I LP 2.09 A 



10mA 



= 209 



1.8X2.7X10 d 



1.8X2.7X10 d 
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INPUT v 
VOLTAGE 

OUTPUT v c 
VOLTAGE 



RIPPLE VOLTAGE 

Vrr p.p 



But the input voltage merely increases power dissipa- 
tion if increased more than necessary, and should be 
set at the most suitable value. 
2-5. Power dissipation 

Power dissipation of the device in normal operating con- 
dition and in shorted output condition is shown below. 
In normal operating condition, 

Pd=V,XlB+(V,-Vo)Xl L 
In shorted output condition, 
Pd=V,X(l S c+lB) Note 1. 
(V t : Input voltage) 
(l B : Bias current) 
(V 0 : Output voltage) 
(l L : Load current) 

Osc: Load current in shorted output condition) 
The maximum power dissipation PcImax should be 



PdMAX< 



1 J MAX 



:-T a 



Rth 



(TjMAx: Maximum junction temperature) 
(Ta: Ambient temperature) 
(Rth: Thermal resistance) 
For the M5231TL, V,. 0 =3V, l sc =N=50mA, Tj MAX =125°C, 
Rth=333°C/W. 

Note 1 ) The device contains an over-current control 
(protection) circuit to prevent large current when output 
is shorted. An application example to minimize the cur- 
rent is shown in section (2-9). 
2-6. Output current range 

l L is the maximum rated output current of the device for 
itself. The M5231TL has the 

'max of 30mA and can be 
used from 0 to 30mA. The output current over 30mA can 
be obtained, if required, by externally connected tran- 
sistors at the value of h FE times of the transistor. (Refer 
to application example.) 
2-7. Phase compensation 

If oscillation occurs owing to external wiring condition, a 
capacitor of 1000pF to 0.1 ju F must be connected be- 
tween pins (3) and ©. 
2-8. Input/output capacitors 

A capacitor of 0.33/* F or over must be connected on the 
input side for stable operation of the device. An elec- 
trolytic capacitor of some tens of // F or over and film 
capacitro of 0.1 ju F must be connected on the output 
side to prevent oscillation and reduce output impedance 
in high-frequency range. In both cases, capacitors 
should be mounted as close to the IC as possible. 



2-9. Output current control 

The device contains an output current control circuit to 
prevent accidental destruction due to output short cir- 
cuit. 

The M5231TL controls current over approximately 50~ 
60mA. To minimize the control current value, the follow- 
ing method can be adopted. The over-current control 
circuit is recommended when externally connected tran- 
sistors are used as shorted current is multiplied by h F E 
times of transistors in shorted output condition. 
2-9-1. Over-current control circuit (drooping type) 



M5231TL 

-(2) t^AAr- 



Qi 



+ 

21 



HS- 



-O V 0 



EXTERNALLY CONNECTED 
TRANSISTOR 



V, O— 



C—jl f * VW — T T— 

d5231 TL LJ J 



J. 



-©- 



-OV, 



The control circuit consists of Q1 and r s . If the control 
current is l S c. is is obtained from the equation below. 



-ANV- 



.V 



-O V 0 



r s =- 



Care should be taken as V B e is derated by 
2.3mV/°C. 



2-9-2. Over-current control circuit (fold-back protection 
circuit) 

The fold-back protection circuit instantly reduces over- 
current generated by load short circuit as shown below 
and the name is derived from the fact that the curve in 
typical characteristic graph of output voltage V 0 and 
load current l L is folded back. 
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2-9-3. Dual variable output voltage regulator M5231TL 
with fold-back protection circuit 

+ 12V/1A power supply with a fold-back protection 



circuit 



+v, 



2SD361 

M5231TL 



220 Q 

-Am — f-Qy 



10//F; 



GND 



-v, 



io^f; 

220 Q 



+ 



+ 



2.2Q 
MA — 

: 430 Q 



Specification lsc = 0.31A l LP =1.18A 

_+Vo 



2SC2603 



1/iF*E §2.7kO 

777 rfr 



-ay— 



18.7 
kQ 



>3.3kQ 



1//F : 



"^2.7kQ 

2SA1115 



15kQ ~2fc dlO.I^F 

47 ix 



430 D 



2SB524 



-AAA? — 
2. 2Q 



:15kQ 



^+12V 



ZfC Ifl 0. 1 /i F 

47 A 



-0-12V 
-V 0 



3. Precautions for use 

• Application of supply voltage with the device 
mounted the wrong way or the pins not securely in- 
serted may lead to deterioration of the characteristics or 
destruction of the device and should be avoided at all 
costs. 

• Application of voltage to an output pin higher than 
the voltage in an input pin may destroy the element. If 
an input pin is shorted to GND under normal operating 
condition, the output pin voltage becomes higher than 
the input pin voltage and the electric load of an elec- 
trolytic capacitor connected to the output pin is reversed 
from the device or from externally connected transistors 
to the input side, causing destruction of the device. To 
prevent this, an ordinary silicon diode can be connected 
as shown below. 

• Parasitic oscillation may be generated due to wir- 
ing condition. Proper capacitors should be connected 
between input pin and GND or output pin and GND. 
Capacitors with small capacitive change due to changes 
in ambient temperature should be used. 



V, o- 
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DESCRIPTION 

The M5230L is a semiconductor integrated circuit which is 
designed for variable output voltage regulator of dual track- 
ing type. 

It is housed in an 8-pin SIP. The output voltage can be ad- 
justed over a wide range from ±3~±30V by adjusting th£ 
value of the voltage setting external resistors. By adjusting 
the resistance of the external balance setting resistors the 
positive/negative output voltage ratio can also be set freely. 
Again by attaching power transistors high current gains can 
be achieved, making the device suitable for use in the pow- 
er supplies of a wide variety of equipment. 

FEATURES 

• High input voltage V,=±35V 

• Wide range of output voltage V o =±3~±30V 

• Low output noise voltage V NO =12//Vrms(typ.) 

• Built-in current limiting and thermal shutdown circuit 

• The output voltage rise time constant of the coefficients 
can be adjusted by the value of the external capacitor. 

• Capability of operation control by the external control 
signal (Pin ®). 

APPLICATION 

Dual voltage power supplies for stereo preamplifiers, for the 
power supplies of other equipment, including operational 
amplifiers. 

RECOMMENDED OPERATING CONDITIONS 

Supply voltage range ±8~±35V 

Rated supply voltage ±20V 



PIN CONFIGURATION (TOP VIEW) 






j] OUTPUT CONTROL 






T\ ( + ) INPUT 




M5230L 


|] ( + ) OUTPUT 

■pi VOLTAGE 

U ADJUSTMENT 

T] ( — ) INPUT 

T| (-) OUTPUT 

-T-i BALANCE 

U ADJUSTMENT 

T] GND 








8-pin molded plastic SIP 



BLOCK 
DIAGRAM 



EXTERNAL PESISTORS 
-) OUTPUT 




( — ) INPUT 
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ABSOLUTE MAXIMUM RATINGS (T.-25T:) 



Symbol 


Parameter 


Ratings 


Unit 


V, 


Input voltage 


±35 


V 


II 


Load current 


±30 


mA 


V,-V 0 


Input-output voltage difference 


±32 


V 


Pd 


Power dissipation 


800 


mW 


Topr 


Ambient temperature 


-20 — h75 


°C 


T stg 


Storage temperature 


-55 — H25 


°C 



ELECTTICAL CHARACTERISTICS ( measurement circuit (a) is used with, T a =25°C, V,=±20V, V Q =±15V, l u =10mA, C= 
10^ F, C REF =1 /" F, Ri=3. 3kQ ) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


V, 


Input voltage 




±8 




±35 


V 




Output voltage 


R 2 ~1.5~55kQ 


±3 




±30 


V 


V REF 


Reference voltage 


(between pin (D and pin 0) 


(1.66) 


1.8 


(1.95) 


V 


V,-V 0 


Minimum input-output voltage difference 






2.5 


3 


V 


AV 0 ± 


Dual voltage tracking 








1 


% 


Reg-in 


Input regulation 


V,=±18~±30V 




0. 02 


0.1 


%N 


Reg-L 


Load regulation 


l L =0~20mA 




0. 02 


0.1 


% 


•b 


Bias current 


l L =0 (disregarding the current in resistors 
Ri, R 2 , R 3 , R4) 




1.3 


3.0 


mA 


TCyo 


Temperature coefficient of output voltage 


T a =0~75 o C,V o =±3~±30V 




0.01 




%rc 


RR 


Ripple rejection 


f=120Hz(measured with circuit (b)) 




68 




dB 


V NO 


Output noise voltage 


f=20Hz~100kHz 

(between the output terminal and ground) 




12 




^Vrms 


Vq(OFF) 


Output cut-off voltage 


V,=10V 






±0.1 


V 



TEST CIRCUITS 
(a) Stabdard test curcyut 



Vj=10V 




+V 0 



(b) Ripple rejection test circuit 



ej=0dBm(0. 775Vrms) 
f=120Hz 



+V 0 =V REF (1+-^) = 1.8X(1+-y|-) (V) 

-V 0 =+V 0 .-|^(V) 

R 2 =Ri(t^ 1)=3.3X(-4^r-D (k«) 

Vref 1 . 8 

Ri=3. 3kQ, R 3 =R 4 =15kQ, V REF =1.8V 




RR=20log 10 (— L ) (dB) 
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TYPICAL CHARACTERISTICS 



THERMAL DERATING (MAXIMUM RATING) 

1000 1 



800 



600 



z 
g 
i- 

U) 400 

CO 

O 

CC 

w 200 
O 

0- 



0 25 50 75 100 125 
AMBIENT TEMPERATURE T a (°C) 



TEMPERATURE COEFFICIENT 
OF OUTPUT VOLTAGE VS. 
OUTPUT VOLTAGE CHARACTERISTICS 



z< 

LU 

O > 
Ll t~ 
LU 

o 
< 

_l 

o 
> 
I- 

D 
Q. 

h- 
D 
O 



; o. 02 



0.01 



0. 01 





= 10m> 


\ 
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OUTPUT VOLTAGE V Q (V) 



35 



THERMAL CUTOFF 



o 
> 



1 1 1 

V,=±20V 
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CONNECTION TEMPERATURE Tj (°C) 



RIPPLE ERJECTION 
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/o=±15V- 
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INPUT-OUTPUT VOLTAGE DIFFERENCE 
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OUTPUT VOLTAGE 



1.0 
0.7 
0.5 

0.3 
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CD 
Z 

o 
< 

DC 



LU 



DUAL-TRACKING TEMPERATURE 
CHARACTERISTICS 



CD _ 

W +| 

z 0 

if) 
O 

Q. 



0.5 
0.4 
0.3 
0.2 
0. 1 
0 

-0. 1 
-0.2 
-0.3 
-0.4 
-0.5, 



, T . J, — 1 — 
V, = ±20V 














V c 




b15> 
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OUTPUT VOLTAGE CHARACTERISTICS 



CD 
< 

_i 
O 
> 
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Vo 


=5V 
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INPUT VOLTAGE V, (V) 



LOAD CHARACTERISTICS 



BIAS CURRENT VS. INPUT VOLTAGE 
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OUTPUT CURRENT l L (mA) 
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Z 
LU 
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cr 
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O 
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V 0 =±15V | | | | 
l L — 0 (DISREGARDING THE 
CURRENT IN RESISTORS 






Ri, 


R 2 , 


R 3 , 
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BIAS CURRENT VS. OUTPUT VOLTAGE 

5 



V,-V 0 =5V 
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1 1 t—H 1 '1 1 



OUTPUT IMPEDANCE VS. FREQUENCY 
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2 0.01 
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i i i i i i ii 
V,= ±20V 

=V 0 =±15V 

-| L =±10mA 

~C REF =1 ju F 

-Vj=50mVrms 



0. 001 




0 5 10 15 20 25 30 35 40 45 50 
OUTPUT VOLTAGE V Q (V) 



APPLICATION EXAMPLES 

(1) Typical application circuit 




-(•> 
-<5> 



100 3 571k 3 51710k 3 57100k 3 5'71 M 
FREQUENCY f (Hz) 

o+V 0 




0-V 0 



+V 0 =1.8X(1 + 



3.3 



) (V) 



R 2 =3.3X(y^— 1) (kQ) -Vo=(+V 0 )-^- (V) 



*C 



Note When the input power supply lines become long, 

a 0. 1 juF capacitor should be connected between input 
power supply pins (7) and (?) and ground. 



Unit Resistance Q 
Capacitance F 



Connection of this capacitor gives the following characteristics. 

1 ) The rise time constant of the output voltage can be 
adjusted (slowed) (See Fig. 1) 

2) The ripple rejection ration is improved. 

3) Noise output voltage is reduced. 
I * * R 3 , R 4 I 



By changing the ratio of these two resistances the positive/ 
negative voltage retio can also be set freely. (See Fig. 2) 



(2) Typical application circuit with power transistors connected 

POWER TRANSISTOR 



+v,o 



►+I L = 200mA 



GND 



— v,o- 




0+V 0 



GND 



POWER TRANSISTOR 



-| L =200mA 



0-V 0 



Unit Resistance : Q 
Capacitance : F 
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(3) High ripple rejection circuit (80dB) 



+l L =200mA 



POSITIVE INPUT 



2SD361 



POSITIVE INPUT 

O+Vo 
15V 




—22 V 

NEGATIVE INPUT 



• Ripple regained by the input 
resistance Ri, (R2), and capacitor 

C,, (C 2 ). 

• C REF can reduce noise to the 1/10 
of that of 3 Terminal regulator IC, 
and also can inprove the ripple 
rejection. In addition, by increasing 
the capacitance of the C RE f, the 
constant at set-up of the output 
voltage V 0 can be adjusted 

(Soft set-up enable). 



NEGATIVE INPUT 



— l L =200mA 



Unit Resistance • 
Capacitance 



(4) High input voltage (V,=±50V) 



POSITIVE INPUT 

+V, O 
+50V 



2SB527 



RIPPLE REJECTION 65dB 




POSITIVE OUTPUT 

O+Vo 
+ 15V 



NEGATIVE INPUT 



2SD357 



• By the resistance R A 1, (Ra2)> the 
voltage that will be supplied to pins 
CD, (D can be lower 

• Resistanves R 5 and R 6 are for load 
current limit Keep the I/O voltage 
(V10) difference between (7)-(D 
more than 6V 

V,-V be -(IiH-I b i-Ib)R5>3V 
Ii = V be /Rbi, lBi=lL/h FE 



-II -15V 

NEGATIVE OUTPUT 



Unit Resistance • Q 
Capacitance . F 



(5) Low dropout regulator circuit (V| O =100mV) 



HUM REJECTION 65dB 



POSITIVE INPUT 
4-v, o- 



2SA1283 or2SB524 



-h15.lVii(± 



C5 T 

GND O- 



c 6 =i= ar i- 



—V, O 

OVER 15. 1V 

NEGATIVE 

INPUT 



_TRi 



V B e 
Rbi 220 
AW — 

'Ci 

1-10/, 



4> 2 



1+I2 



■<!> 



•10 A 



R B 2 

220 



R 2 
24k: 



<£>- 



■ Cr E 

1/* 



M5230L 3. 3k 

<!>- 
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+ 
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It 

+ 
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• Stable operations are expected 
even if the input-output voltage 
differmces are quite low as 0. 1 V 
The heat sink of power TR can 
become small in size owing to the 
low dissipation 



0-V o 

— 15V 
NEGATIVE OUTPUT 



(Note) The load current can be over 1 A by connecting the external power TR 



Unit Resistance 
Capacitance 
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(6) ON/OFF control of output voltage circuit 



+v, o 



GND 



-v,o 



Vj=10V 



EXTERNAL CONTROL 
SIGNAL 




O+Vo 



GND 



POWER TRANSISTOR 
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0-V 0 



Unit Resistance " Q 
Capacitance ■ F 



EXTERNAL CONTROL 
SIGNAL V, 

IYTOYT VOLTAGE +V Q 



-V 0 



iov r 
o — i 



r 



EXAMPLES OF THE CHARACTERISTICS ACHIEVED 

Fig. 1 OUPUT VOLTAGE CHARACTERISTICS 
FOR EXTERNAL CAPACITORS (*C) 
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Fig. 2 OUTPUT VOLTAGE RATIO VS. 
BALNCE VOLTAGE ADJUSTING 
RESISTANCE CHARACTERISTICS 
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VARIABLE OUTPUT VOLTAGE REGULATOR 



DESCRIPTION 

The M5231TL is a semiconductor integrated circuit which is 
designed for variable output voltage regulator and is housed 
in a small 5-pin SIP. 

The input range 8~70V, and the output voltage range 3~ 
50V can be optionally adjusted by the external resistors. In 
addition, by attaching power transistors, high current gains 
can be achieved, making the device suitable for used in the 
power supplies of a wide variety of equipment. 

FEATURES 

• High input voltage V,=70V 

• Wide range of output voltages V 0 r=3V~ 50V 

• Low output noise voltage V N o=6^Vrms(typ.) 

• Built-in current limiting and thermal shutdown circuits 

• Capability of adjusting the output voltage rise time 
constant of the coefficients by the external capacitor 

• Capability of the operating control by the external signal 

APPLICATION 

Audio, VTR equipment, and a variety of electronic musical 
instruments. 

RECOMMENDED OPERATING CONDITIONS 

Supply voltage range 8~70V 

Rated supply voltage 35V 



PIN CONFIGURATION (TOP VIEW) 




|] GND 

VOLTAGE 
ADJUSTMENT 

1] COMPENSATION 

J2] OUTPUT 

T) INPUT 




5-pin molded plastic SIP 



BLOCK DIAGRAM 



START 
CIRCUIT 



REFERENCE 
VOLTAGE 
GENERATOR 
CIRCUIT 



THERMAL 
CUTOFF 
CIRCUlf 




.]) INPUT 



OVER 

CURRENTl ni , TPI IT 

PROTECTION ^ OUTPUT 
CIRCUIT I 



3) COMPENSATION 



VOLTAGE 
ADJUSTMENT 
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VARIABLE OUTPUT VOLTAGE REGULATOR 



ABSOLUTE MAXIMUM RATINGS (T a =25c) 



Symbol 


Parameter 


Ratings 


Unit 


V, 


Input voltage 


70 


V 




Load current 


30 


mA 


V-Vo 


Input-output voltage difference 


67 


V 


Pd 


Power dissipation 


300(L)/450(TL) 


mW 


Topr 


Operating temperature 


-20 — h75 


°C 


Tstg 


Storage temperature / 


-55 — H25 


°C 



ELECTRICAL CHARACTERISTICS (measurement circuit (a) is used with, T a =25°C, V,=40V, V Q =35V, l L =10mA, C=10^ 
F, C REF =1 /uF, Ri=3. 3k Q, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


V, 


Input voltage 




8 




70 


V 


V 0 


Output voltage 


R 2 =%1.5~88kQ 


3 




50 


V 


V-Vo 


Minimum input-output voltage differential 






2.5 


3.0 


V 


V REF 


Reference voltage 


(between pin (D and pin (D) 


(1.66) 


1.8 


(1.90) 


V 


Reg-m 


Input regulation 


V,=38~60V 




0. 04 


0.1 


%IM 


Rge-L 


Load regulation 


l L =0~20mA 




0. 03 


0.1 


% 


Ib 


Bias current 


l L =0 (disregarding the current in resistors Ri, R2) 




1.2 


2.5 


mA 


TC V o 


Temperature coefficient of output voltage 


T a =0~75°C , V o =3~50V 




0. 02 




%/°C 


RR 


Ripple rejection 


f==120Hz( measured withC circuit (b)) 




62 




dB 


V NO 


Output noise voltage 


f=20Hz~100kHz 




6 




/uVrms 



TEST CIRCUITS 

(a) Standard test circuit v 0 =v REF (i+-^)%i. 8 x(i+-^) (v) 

R 2 =Ri(-v7^ 1)=3.3X(-^~1) (kQ) 

VREF 1.8 

R^.SkC^VREF^LSV 




Unit Resistance : Q 

(b) Ripple rejection test Circuit Capacitance F 



f=120Hz ej=0dBm 
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VARIABLE OUTPUT VOLTAGE REGULATOR 



TYPICAL CHARACTERISTICS (T a =25C, unlessotherw.se noted) 
THERMAL DERATING (MAXIMUM RATINGS) 
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OUTPUT VOLTAGE REGULATION OUTPUT VOLTAGE CHARACTERISTICS 
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VARIABLE OUTPUT VOLTAGE REGULATOR 
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VARIABLE OUTPUT VOLTAGE REGULATOR 



APPLICATION EXAMPLES 
(1) Standard application example 



Vo =1.8X(1+-£|-) (V) 
R 2 =3.3X(-^|— 1) (kO) 



V,0 




y rg- p' 

l) ' lit 10a 



• 3. 3k 



(2) Current boost circuit with NPN external power TR 

POWER TRANSISTOR I L = 200m A 



OV 0 



v,o 




Connection of this capacitor gives the following 
characteristics. 

1 ) The rise time of the output voltage can be 
adjusted (slowed). 

2) The ripple rejection ratio is improved. 

3) Output noise voltage is reduced down to 1/10 
of three terminal regulator IC. 



Compensation capability by connection of a 
capacitor. 



EXAMPLE 1 OF CHARACTERISTIC 
ACHIEVED 

OUTPUT VOLTAGE CHARACTERISTICS 
FOR EXTERNAL CAPACITORS (C REF ) 
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TIME (s) 



(3) Low dropout regulator circuits (V, o =100mV) 



2SA1283 or2SB524 
TR, 



HUM REJECTION 65dB 
II 



OVER 15.1V 



200mA 15V 




• Stable operation is expected even 
if the input-output voltage differences 
are as low as 0. 1 V. 

The heat sink of power TR can become 
small in size owing to low dissipation. 
The R3 is a load current limit resistor 
and the input-output voltage differences 
between CD and (D pins must be over 3V. 
VrV R E-(li + l2-IB)R 3 >3V 



A MITSUBISHI 
ELECTRIC 



4-19 



MITSUBISHI LINEAR ICs 

M5231TL 
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(4) Output voltage ON/OFF controller. Step UP/DOWN controller 



INPUT 



2SA1283 or2SB524 



+35V 




OUTPUT 

H-28V when TR 2 is ON 
+15V when TR 2 is OFF 

• The output voltage V 0 IS OV when 
the RTi of (D pin is ON. Therefore, 
the power can be on/off depending 
on each case. 

• The output voltage is changeable 
by switching the RT 2 . 

• Resistor of 1kQ must be connected 
for R4 to protect the integrated circuit 



(Note) The load current can be ov^r 1 A by connection the external power TR. 
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3 V, 3-TERMI N AL VARIABLE VOLTAGE OUTPUT REGULATOR (FOR DRIVER) 



DESCRIPTION 

The M5235L is a semiconductor integrated circuit designed 
for 3V system output voltage regulator. 

A high-performance low-voltage, 3-terminal output vol- 
tage regulator with small input-output voltage differences 
can be made in combination with externally connected PNP 
transistors. It is housed in a small 3-pin package, including a 
reference voltage circuit, error amplifier, and driver, and the 
output voltage can be set freely by externally connected re- 
sistors, and a smal, compact power supply circuit can be 
achieved, making the device suitable for use in small elec- 
tronic equipment, such as headphone stereo, VTR camera, 
and radio cassette recorder. 

FEATURES 

• Operates at low input voltage V| N (min) = 13V 

• Capable of operating with low input-output voltage for 
driver by externally connected power transistors 

(VcE(sat) state of T R ) 
V,. O (min)%0.1V 

• Output voltage can be set freely by externally connected 
resistors 

• A compact device is possible due to small package 

• Capable of taping (automated insertion) and lead forming 



PIN CONFIGURATION 



35L 



(D<D(D 



PIN CONNECTION 
© INPUT 

(2) GND 

(D VOLTAGE ADJUSTMENT 



APPLICATION 

For two dry-battery (3V) type headphone stereo (especially 
to stabilize recording bias circuit), portable VTR, small radio 
cassette recorder, radio-controlled and electronic toys, or 
electronic games, and for power supplies of other general 
battery- driven electronic equipment. 




Small 3-pin package 



RECOMMENDED OPERATING CONDITIONS 

Supply voltage range V| N =1.5V~6V 

Rated supply voltage V o =1.0V~5.5V 



BLOCK DIAGRAM 

INPUT (V,) O- 




M5235L 



.OUTPUT 



Vref 



OVER- 
CURRENT] , 
PROTECT! ONC I RCU IT 



REFERENCE 
VOLTAGE J 
GENERATOR 
CIRCUIT I 



GND 



ERROR 
AMPLIFIER 



VOLTAGE 
ADJUSTMENT 



:Ri 
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3V,3-TERMINAL VARIABLE VOLTAGE OUTPUT REGULATOR (FOR DRIVER) 



ABSOLUTE MAXIMUM RATINGS (T a =2sc) 



Symbol 


Parameter 


Ratings 


Unit 


V IN 


Input voltage 


7 ( 10 )Note1 


V 


Id 


Drive current 


20 


mA 


V-Vo 


Input-output voltage difference 


6 


V 


Pd 


Power dissipation 


300 


mW 


Topr 


Operating temperature 


-20 — 1-75 


°C 


T stg 


Storage temperature 


-55 — H25 


°C 



Note 1. Refer to APPLICATION 
EXAMPLES 



ELECTRICAL CHARACTERISTICS (measurement circuit (a) is used with, T a =25°C, V,=4. 5V, V 0 =3V, l L =50mA, C=10// 
F, Cref— 1 juF, Ri=5. 1kQ, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Mm 


Typ 


Max 


V, N 


Input voltage 


(between pin 0 and pin (2)) 


1.3 




7 


V 


V 0 


Output voltage 


R 2 =1.35kQ~36.8kQ 


1.0 




6.5 


V 


V-Vo 


Minimum input-output voltage difference 






0. 1 


0.5 


V 


V REF 


Reference voltage 


(between pin (3) and pin (2)) 


0.75 


0.79 


0.83 


V 


Reg-in 


Input regulation 


V,=4~5V 




0.3 


0.8 


%/M 


R eg-L 


Load regulation 


l L =10~50mA 




0. 03 


0.2 


% 


Ib 


Bias current 


l L =0(disregardmg the current in resistors Ri,R2) 




1.6 


3.0 


mA 


TC V o 


Temperature coefficient of output voltage 


T a =0~75°C 




-0.1 




%rc 


RR 


Ripple rejection ratio 


f=120Hz( measured with circuit (b)) 




50 




dB 


V NO 


Output noise voltage 


f=20Hz~100kHz 




24 




//Vrms 



TEST CIRCUITS 

(a) Standard test circuit 



V o =V REF (1-r-^-)=0.79X(1-r-^-) (V) 
R 2 =Ri(t^ 1)=5.1X( 7 ^-1) (kO) 

VREF 0. 79 

(R^.lkC^VREF^O. 79V) 



2SA695 



V, 



< WrH/\y M5235L -(?)- 

220 



(d) Ripple rejection test circuit 

f=120Hz, e,=0. 1Vrms 




220 



M5235L 



-®- 



3L 



Ri 

5. Ik 



4 



R 2 



+ 



Rt 

5. 1k 



+ 
2j2ZC 



C 



Rl$| Il 



Unit Resistance ■ Q 
Capacitance : F 



RR=20log(— L ) (dB) 
e o 



VV ) e Q 



Unit Resistance : Q 
Capacitance : F 
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3V,3-TERMINAL VARIABLE VOLTAGE OUTPUT REGULATOR (FOR DRIVER) 



TYPICAL CHARACTERISTICS (T a =25°C, unless otherwise noted) 

THERMAL DERATING (MAXIMUM RATINGS) 
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0. 
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=50r 


nA 














































































— c\ 


















V 0 




















=3V — 
















Vo 


















= 1V — 
















-Vo 



01 234 56789 10 
INPUT VOLTAGE V, (V) 



h- 
Z 
UJ 

oc 

DC 
D 
O 
0) 
< 
CQ 



BIAS CURRENT VS. INPUT VOLTAGE 

5i 



l u =0 



0 2 4 6 8 

INPUT VOLTAGE V IN (V) 



10 



RIPPLE REJECTION 



100 



80 



60 



40 



0 



V,=4. 5V 

V G =3V| 
.l u =50mA_ 
Cref=1 m F 



100 3 5 71k 3 5 7 10k 3 57 100k 



FREQUENCY f (Hz) 



OUTPUT VOLTAGE VS. DRIVE CURRENT 



o 
> 

HI 

O 
< 



O 

> 
I- 

D 
0_ 

D 

o 











=4.5V 











































0 10 20 30 40 50 
DRIVE CURRENT l D (mA) 



OUTPUT VOLTAGE VS. 
VOLTAGE ADJUSTING RESISTANCE 



< 
i- 
_i 
o 
> 
I- 

D 
CL 
H 
D 
O 



1 1 

Rt=5. 1kQ J 
R 2 =5.1X(-^-1)k 






Q 





















































































0 10 20 30 40 50 
VOLTAGE ADJUSTING RESISTANCE R 2 (kQ) 



A MITSUBISHI 
ELECTRIC 



4-23 



MITSUBISHI LINEAR ICs 

M5235L 



3V,3-TERMINAL VARIABLE VOLTAGE OUTPUT REGULATOR (FOR DRIVER) 

APPLICATION EXAMPLES 

1. Standard application circuit 

V,=4.5V 2SA6g6 * Cref Vo =3V V 0 =V REF X (l+-|^-)v 

V REF =0.79V(typ.) 

J^Cref 

Connection of this capacitor improves ripple rejection 
ratio, improves output noise voltage and adjusts the 
rise time constants of the output voltage. (Capacitor 
over 1000pF must be connected.) 
Note. Capacitors displaying small capacity change with 
temperature should be used. 




2. Control circuit for maximum drive current (l P ) 



3.1-4.5V 




Notel. Resistors ranging from 180Q to 200 Q should be inserted 
between the emitter and base of externally connected 
PNP transistors. 

Resistors from 100Q to 120 Q should be used when the 
input voltage is 7V to 10V. 



When the input voltage (V|) is lower than the set output 
voltage (V 0 ) or when the output pin is shorted, drive 
current of approximately 20mA TO 35mA runs in Pin ® 
oMhe integrated circuit. 

In this case, the current does no harm to the device, 
but the current can be limited by connecting a resistor 
Rim if required due to input supply voltage (dry battery). 
(Fig. 1 shows relationship between control current vs. 
input voltage. In the application example, V| controls the 
drive current approximately down to 10mA, when it 
reaches 3V. 



Fig.1 MAXIMUM DRIVE CURRENT 
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Fig.2 l D -V IN CHARACTERISTICS 
IN APPLICATION EXAMPLE 2 
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3V,3-TERMINAL VARIABLE VOLTAGE OUTPUT REGULATOR (FOR DRIVER) 



3. ON/OFF control of output voltage circuit 



v,o 



O V 0 




}Q/uF 



V, 



Vo 



j 
1 



EXTERNAL CONTROL SIGNAL 

I T~1 



R 

A/V, o 

12kQ 



5V 



Resistor R in the control circuit is determined by the fol- 
lowing equation. 
R£ _ Vi-Vf-Vref' 
Vref' j Vref'~Vq' 
R1 R 2 
where, Vj: External control voltage 

V F : Forward voltage of diode (Dj) 
Vref- 0.9V Pin (D voltage when V REF ' is 
Vo(off) 

V 0 ': 0V output voltage when V 0 ' is V Q (off) 
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M5236L, ML 

GENERAL PURPOSE 3-TERMINAL VARIABLE VOLTAGE OUTPUT REGULATOR 

(FOR DRIVER) 



DESCRIPTION 

The M5236 is a semiconductor integrated circuit designed 
for general-purpose output voltage regulator. 

A high-performance variable output voltage regulator with 
small input-output voltage differences can be made in com- 
bination with externally connected PNP transistors. 

It is housed in a small 3-pin package, including a refer- 
ence voltage circuit, error amplifier, and driver, and the out- 
put voltage can be set freely by externally connected resis- 
tors, and a small, compact power supply circuit can be 
achieved, making the device suitable for use in small elec- 
tronic equipment, such as car stereo, radio cassette recor- 
der and portable stereo equipment. 

FEATURES 

• Wide operating v.oltage range 

V, N =3.5V~36V, V 0 =1.5V-33V 

• Capable of operating at low input-output voltage for driver 
by externally connected power transistors 

(VcE(sat) state of TR) V,. O (min)^0.2V 

• Output voltage can be set freely by externally connected 
resistors 

• Built-in ASO protection and thermal cutoff circuits 

• Capable of taping (automated insertion) and lead forming 

APPLICATION 

For car stereo equipment, radio casette recorder, portable 
stereo and other general electronic equipment. 

RECOMMENDED OPERATING CONDITIONS 

Supply voltage range V| N =3.5V~30V 

Rated supply voltage V 0 =15V~25V 



PIN CONFIGURATION 



3 




SOT-89 



(D<D(D 

TO-92L 



PIN CONNECTION 
CD INPUT 
CD GND 

(D VOLTAGE ADJUSTMENT 




TO-92L package 



SOT-89 package 



BLOCK DIAGRAM 

INPUT V, O- 



> OUTPUT 
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VOLTAGE 
GENERATOR 
CIRCUIT 



ASO 

PROTECTION 
CIRCUIT 



ERROR 
AMPLIFIER 



: R 2 



VOLTAGE 
ADJUSTMENT 



f 2 ) GND 



77T 



4-26 



A MITSUBISHI 
ELECTRIC 



MITSUBISHI LINEAR ICs 

M5236L, ML 



GENERAL PURPOSE 3-TERMINAL VARIABLE VOLTAGE OUTPUT REGULATOR 

(FOR DRIVER) 



ABSOLUTE MAXIMUM RATINGS (T a =25c) 



Symbol 


Parameter 


Ratings 


Unit 


V, N 


Input voltage 


36 


V 


Id 


Drive current 


30 


mA 


V-Vo 


Input-output voltage difference 


30 


V 


Pd 


Power dissipation 


900(SIP)/500(ML) 


mW 


T opr 


Operating temperature 


-20-+75 


°C 


Tstg 


Storage temperature 


-55 — H50 


°C 



ELECTRICAL CHARACTERISTICS (measurement circuit (a) is used with, T a =25°C, V,=15V, V 0 =12V, l L =200mA, C REF = 
1 //F, Ri=4. 3kQ, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


V, N 


Input voltage 


(between pin (D and pin (2)) 


3.5 




36 


V 


Vo 


Output voltage 


R 2 =0.82kQ~108kQ 


1.5 




33 


V 


V-Vo 


Minimum input-output voltage difference 






0.2 




V 


Vref 


Reference voltage 


(between pin (3) and pin (D) 


1.20 


1.26 


1.32 


V 


Reg-in 


Input regulation 


V,=15~20V 




0. 02 


0.1 


%/v 


R eg-L 


Load regulation 


l L =10~200mA 




0. 02 


0.1 


% 


Ib 


Bias current 


1 1_=0( disregarding the current in resistors Ri, R2) 




1.7 


3.0 


mA 


TCvo 


Temperature coefficient of output voltage 


T a =0~75°C 




0. 02 




%rc 


RR 


Ripple rejection ratio 


f=120Hz(measured with circuit (b)) 




68 




dB 




Output noise voltage 


f=20Hz~100kHz 




33 




yuVrms 



TEST CIRCUITS 

(a) Standard test circuit Vo =v R6F d+ -52-)=i.26Xd+ (v) 

R 2 =R 1 (t~ 5 1)%4.3X( 1 %— 1) (kQ) 

V REF I . AO 

(Ri =4. 3kQ,V REF =1.26V) 




(b) Ripple rejection test circuit 



f=120Hz ej=0. 1Vrms 

2SB524 



1 uF 




220 Q 



0. 33^ F 



M5236L 
M5236ML 



1 



R 2 



+ 



•Ri 

4.3kQ 



+ 
2fcC 



C 



47«F 



R - L ?l 



RR=20log (-fi-) (dB) 



VV ) e Q 
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MITSUBISHI LINEAR ICs 

M5236L, ML 



GENERAL PURPOSE 3-TERMINAL VARIABLE VOLTAGE OUTPUT REGULATOR 

(FOR DRIVER) 



TYPICAL CHARACTERISTICS 

THERMAL DERATING (MAXIMUM RATINGS) 
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OUTPUT VOLTAGE CHARACTERISTICS 
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VOLTAGE ADJUSTING RESISTANCE 
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A MITSUBISHI 
ELECTRIC 



MITSUBISHI LINEAR ICs 

M5236L, ML 



GENERAL PURPOSE 3-TERMINAL VARIABLE VOLTAGE OUTPUT REGULATOR 

(FOR DRIVER) 



APPLICATION EXAMPLES 

1. Standard application circuit 



OVER V,= 12.2V 2SB524 
O 



OVER JL 
0. 33 /u F " 



N-i 



220 Q 



C REF l L =0.2A V 0 =12V 
-O 



(D -A/W 



8 fi 



15kQ 



36. 6k Q 
+ 



>4.3kQ 



77T 



OVER 
100 //F 



77T 



Vo=V REF X 



V REF =1.26V(typ.) 
8M. Ri of 180—220Q should be used. 



Note) Capacitors displaying small capacity change with 
temperature should be used. 



2. Control circuit for maximum drive current (l DM ) 




When the input voltage (V,) is lower than the set output 
voltage (V 0 ) , drive current of approximately 30mA to 
45mA runs in Pin © of the integrated circuit. (Refer to 
TYPICAL CHARACTERISTICS DRIVE CURRENT VS IN- 
PUT VOLTAGE. For example, when the input voltage V, 
of 20V is higher than the fixed output voltage of 20V or 
above, and input and output are inverted, power dis- 
sipation in the circuit is Pd = 20V X 45mA = 900mW, and 
reaches the maximum rating, making it necessary to 
control the drive current.) When the input power supply 
is supplied by batteries and the current needs to be 
controlled, a resistor R )N can be inserted to control the 
drive current. (Fig. 1 shows input voltage dependency 
of the control current and input resistor R| N .) 

When the input voltage reaches 12V ( = V 0 ), the cur- 
rent at Pin © is limited to approximately to 20mA. 

Fig. 2 shows l D -V| characteristics of the circuit. 



Fiq. 1 MAXIMUM DRIVE CURRENT Fig. 2 l D -V, CHARACTERISTICS 

CONTROL CHARACTERISTICS (\ DM ) IN APPLICATION EXAMPLE 2 




0 5 10 15 20 25 30 35 40 45 50 0 2 4 6 8 10 12 14 16 18 20 



INPUT VOLTAGE V, (V) INPUT VOLTAGE V, (V) 
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MITSUBISHI LINEAR ICs 

M5236L, ML 



GENERAL PURPOSE 3-TERMINAL VARIABLE VOLTAGE OUTPUT REGULATOR 

(FOR DRIVER) 



3. ON/OFF control of output voltage circuit 



v, 

o- 



2SB524 



8 =t 



220 Q 



(D -VW 



0. 33//F=: 



15kD 



:R 2 

36.6kQ izfclOO^F 



:Ri 

4. 3k Q 



Vo 

-o 



77T EXTERNAL CONTROL SIGNAL 

i di r 

' H Wv O V, J 



7.5kQ 



Resistor R in the control circuit is determined by the fol- 
lowing equation. 

Vi-V F -V REF ' 
Vref' , Vref'-Vq' 
Rt R 2 
where, Vj: External control voltage 

V F : Forward voltage of diode (Dj) 

Vref: 1 -4V Pin (D voltage when V REF ' is V 0 (off) 

V 0 ': 0V output voltage when V 0 ' is V Q (off) 



( 
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A MITSUBISHI 
ELECTRIC 



MITSUBISHI LINEAR ICs 

M5278LXX 

(5V,5.6V,8V,9V, 10V, 12V. 15V) 3-TERMINAL FIXED POSITIVE 
OUTPUT VOLTAGE REGULATOR (WITH FOLD-BACK PROTECTION CIRCUIT) 



DESCRIPTION 

The M5278L series consists of four monolithic integrated cir- 
cuits, each a three-terminal regulator with maximum load 
capabilities of 100mA and featuring output voltages of 5, 5.6, 
8, 9, 10, 12, or 15V. The high-performance, fixed-positive 
output power supply ICs are packaged in 3-pin TO-92L 
packages featuring fold-back protective circuits for limiting 
current when load short. They are especially appropriate for 
use in personal computers and general power supplies of 
electrical appliances. 

FEATURES 

• Interchangeable with other brand 78L series 

l L max= 100mA 

• Internal fold-back protection circuit limits current due to 
shorted loads. 

M5278L05 • - 16.5mA(typ.)(l/10 that of other brands) 

• High ripple division factor 

M5278L05 73dB(typ.) 

• Low output voltage tolerancee ±5%(max.) 

• High level of permissible internal heat dissipation 

900mW(max.) 

APPLICATION 

Power supply for microcomputer in VTR equipment, general 
power supply for electronic equipment of tape decks, car 
stereo equipment and radio cassette recorder. 

FUNCTION CODE 

M5278LXX 

"^OUTPUT VOLTAGE VALUE 



PIN CONFIGURATION 



x 



ELECTRODE CONNECTION 
0 OUTPUT EIAJ : TO-92L 
CD : GNO 
(D : INPUT 




Type 


Marking 


Output voltage 


Type 


Marking 


Output voltage 


M5278L05 


78L05 


5V 


M5278L10 


78L10 


10V 


M5278L56 


78L56 


5. 6V 


M5278L12 


78L12 


12V 


M5278L08 


78L08 


8V 


M5278L15 


78L15 


15V 


M5278L09 


78L09 


9V 









TO-92L package 



BLOCK DIAGRAM 

INPUT (3) 




(T) OUTPUT 



) GND 
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MITSUBISHI LINEAR ICs 

M5278LXX 



(5V,5.6V,8V,9V, 10V,12V, 15V)3-TERMINAL FIXED POSITIVE 
OUTPUT VOLTAGE REGULATOR (WITH FOLD-BACK PROTECTION CIRCUIT) 



ABSOLUTE MAXIMUM RATINGS (r a =25r) 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


V, 


Input voltage 




36 


V 


II 


Load current 




100 


mA 


Pd 


Power dissipation 




900 


mW 


Topr 


Operating temperature 




-20 — 1-75 


°C 


T stg 


Sotrage temperature 




-55—+150 


°C 



STANDARD CONNECTION 



V IN O- 



-L.C, 

0.33^F 



M5278LXX 



-C 0 
"0.1//F 



"777" C|, C 0 are capacitors to prevent oscillation. 

Make connections as close to the ic"as 
possible. 



ELECTRICAL CHARACTERISTICS 

M5278L05 (V,=10V, l u =40mA,Ta=25*C,C,=0.33^F, C o =0. 1 A F, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


V 0 


Output voltage 




4. 75 


5.0 


5. 25 


V 


Reg-in 


Input regulation 


7. 5V^V,^20V 




50 


200 


mV 


8V^V,^20V 




30 


150 


Reg-L 


Load regulation 


1mA^I L ^100mA 




10 


60 


mV 


1mA^I L ^40mA 




5 


30 


V 0 


Output voltage 


7. 5V^ V,^20V, 1 mA^I L ^40mA 


4.7 


5.0 


5.3 


V 


V,=10V,1mA^I L ^70mA 


4.7 


5.0 


5.3 


Ib 


Bias current 


l L =0 




4.8 


6.7 


mA 


AI b 


Bias current variability 


8V^V,^20V, l L =40mA 




0.1 


1.5 


mA 


V,=10V,1mA^I L ^40mA 






0.2 


V no 


Output noise voltage 


BW: 10Hz~100kHz 




49 




juVrms 


RR 


Ripple rejection ratio 


f= 120Hz, V in =0dBm 


63 


73 




dB 


v,-v 0 


Minimum input-output voltage difference 






2.0 




V 


Lp 


Peak load current 






130 




mA 


los 


Output short holding current 






16.5 




mA 


TC V o 


Temperature coefficient of output voltage 


l L =5mA 




-0.6 




mV/°C 
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A MITSUBISHI 
ELECTRIC 



MITSUBISHI LINEAR ICs 

M5278LXX 



(5V,5.6V,8V V 9V, 10V, 12V, 15V) 3-TERMINAL FIXED POSITIVE 
OUTPUT VOLTAGE REGULATOR (WITH FOLD-BACK PROTECTION CIRCUIT) 



M5278L56 (V,=11V, l L =40mA,T a =25 o C,C|=0.33^F, C o =0. 1 juF, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


V 0 


Output voltage 




5.32 


5.6 


5.88 


V 


Reg-in 


Input regulation 


8. 5V^V,^21V 




50 


200 


mV 


9V^V,^21V 




30 


150 


Reg-L 


Load regulation 


1mA^I L ^100mA 




10 


60 


mV 


1mA^I L ^40mA 




5 


30 


V 0 


Output voltage 


8. 5V^V,^21 V, 1 mA^I L <40mA 


5. 27 


5.6 


5. 93 


V 


V,= 1 1 V, 1 mA^ l L <7,0mA 


5. 27 


5.6 


5. 93 




Bias current 


l L =0 




4.8 


6.7 


mA 


AI b 


Bias current differential 


9V^V,^21V, l u =40mA 




0.1 


1.5 


mA 


V,=11V,1mA^I L ^40mA 






0.2 


v NO 


Output noise voltage 


BW: 10Hz~100kHz 




55 




/uVrms 


RR 


Ripple rejection ratio 


f=120Hz, Vjn=0dBm 


63 


73 




dB 


V,-Vo 


Minimum input-output voltage difference 






2.0 




V 


Ilp 


Peak load current 






150 




mA 


los 


Output short circuit sustain current 






16.5 




mA 


TCvo 


Temperature coefficient of output voltage 


l L =5mA 




-0.65 




mV/°C 


M5278L08 (V,=14V, l L =40mA, l a =25"C,C,=0. 33 /uF, C o =0. 1 /iF, unless otherwise noted) 


Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Mm 


Typ 


Max 


V 0 


Output voltage 




7.6 


8.0 


8.4 


V 


Reg-in 


Input regulation 


10. 5V^V,^23V 




60 


200 


mV 


11V^V,^23V 




40 


150 


Reg-L 


Load regulation 


1mA^I L ^100mA 




10 


80 


mV 


1mA^I L ^40mA 




5 


40 


V 0 


Output voltage 


10. 5V^V,^23V, 1mA^I L ^40mA 


7. 52 


8.0 


8. 48 


V 


V, = 14V, 1mA^I L ^70mA 


7. 52 


8.0 


8.48 


Ib 


Bias current 


l L =0 




4.8 


6.7 


mA 


Mb 


Bias current differential 


1 0. 5V^ V ( ^23V, l L =40mA 




0.1 


1.5 


mA 


V,= 14V, 1mA^I L ^40mA 






0.2 


v NO 


Output noise voltage 


BW: 10Hz~100kHz 




80 




^Vrms 


RR 


Ripple rejection ratio 


f=120Hz, V, n =0dBm 




59 




dB 


V,-Vo 


Minimum input-output voltage difference 






2.0 




V 


'lp 


Peak load current 






150 




mA 


los 


Output short circuit sustain current 






12.5 




mA . 


TCvo 


Temperature coefficient of output voltage 


l L =5mA 




-0.7 




mV/°C 
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MITSUBISHI LINEAR ICs 

M5278LXX 



(5V,5.6V,8V,9V, 10V, 12V, 15V) 3- TERMINAL FIXED POSITIVE 
OUTPUT VOLTAGE REGULATOR (WITH FOLD- BACK PROTECTION CIRCUIT) 



M5278L09 (V,=16V,l L =40mA,T a =25 o C,C,=0.33//F,Co=0. 1 //F, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


v o 


Ontniit McAtactc* 




8. 55 


y. u 


9. 45 




Reg-in 


Input regulation 


12V<1V|<124V 




in 




mV 


13V^V|^24V 






1 ~IC\ 

I /u 


Reg-L 


Load regulation 


1 mA^ I L ^ 1 00mA 




I u 


yu 


my 


l m A<|, <40mA 




5 




V 0 


Output voltage 


12V^V.^24\/ 1mA<l, <40mA 


Q AC 


Q o 


9. 54 


V 


V. = 1fi\/ 1mA<l. <70mA 

V | IUVj III IAA l| -.js*. / V/l 1 \r\ 


8. 46 


9.0 


9. 54 


Ib 


Bias current 


l L =0 




4.8 


6.7 


mA 


AI b 


Bias current differential 


13V^V,^24V, l u =40mA 




0.1 


1.5 


mA 


Vf=1 6V, 1 mA^ l L ^40mA 






0. 2 


V NO 


Output noise voltage 


RW- 1 OH7~1 OflkH-7 




90 






RR 


Ripple rejection ratio 


f=120Hz,V in =0dBm 




58 




dB 


V,-V 0 


Minumum input-output voltage difference 






2.0 




y 


Ilp 


Peak load current 






150 






'os 


Output short circuit sustain current 






12.5 




mA 


TC V o 


Temperature coefficient of output voltage 


| _ 5mA 




-0.8 




mV/°C 


M5278L10 (V,=17V, l L =40mA,T a =25 o C,C,=0.33,« 


F, 00=0. 1 juF, unless otherwise noted) 










Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


V 0 


Output voltage 




9.5 


10.0 


10.5 


v 


Reg-in 


Input regulation 


12. 5V<lV|<125V 




70 


230 


mV 


13V^V|^25V 




50 


170 


R eg-L 


Load regulation 


1 mA<ll L <l100mA 




10 


90 


mV 


1 mA^l u ^40mA 




5 


45 


V 0 


Output voltage 


12. 5V<lV|^25V, 1 mA<ll|_^40mA 


9.4 


10.0 


10.6 


V 


V,= 1 7V, 1 mA^ l L ^70mA 


9.4 


10.0 


10.6 


Ib 


Bias current 


l L =0 




4.8 


6.7 


mA 


AI b 


Bias current differential 


1 3V^ V,^25V, l L =40mA 




0.1 


1.5 


mA 


V,=17V, 1 mA^l u ^40mA 






0.2 


Vno 


Output noise voltage 


BW: 10Hz~100kHz 




100 




//Vrms 


RR 


Ripple rejection ratio 


f=120Hz, V in =0dBm 




57 




dB 


V,-V 0 


Minumum input-output voltage difference 






2.0 




V 


'lp 


Peak load current 






130 




mA 


los 


Output short circuit sustain current 






12.5 




mA 


TC V o 


Temperature coefficient of output voltage 


l L =5mA 




-0.9 




mV/°C 
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A MITSUBISHI 
ELECTRIC 



MITSUBISHI LINEAR ICs 

M5278LXX 



(5V,5.6V,8V,9V, 10V, 12V, 1 5 V) 3- TERMINAL FIXED POSITIVE 
OUTPUT VOLTAGE REGULATOR (WITH FOLD-BACK PROTECTION CIRCUIT) 



M5278L12 (V,=19V, l L =40mA,T a =25°C, C,=0.33/iF, C o =0. 1 juF, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


Vo 


Output voltage 




11.4 


12. 0 


12. 6 


V 


Reg-in 


Input regulation 


1 4. bVS* V|5L27V 




70 


250 


mV 


16V^V|^27V 




50 


200 


R eg-L 


Load regulation 


1 mA^lu^ 100mA 




10 


100 


mV 


1 mA5^l L 5l40mA 




5 


50 


Vo 


Output voltage 


14. 5Vf£V|^27V, 1 mA^I L ^40mA 


11.3 


12. 0 


12. 7 


V 


V|=19V, 1 mA^I L 5^70mA 


11.3 


12.0 


12.7 


Ib 


Bias current 


l L =0 




4.8 


6.7 


mA 


Mb 


Bias current differential 


16V^V,^27V, l L =40mA 




0.1 


1.5 


mA 


V,=19V, 1 mA^I L ^40mA 






0.2 


v NO 


Output noise voltage 


BW: 10Hz~100kHz 




110 




/iVrms 


RR 


Ripple rejection ratio 


f=120Hz,V in =0dBm 




55 




dB 


V,-V 0 


Minimum input-output voltage difference 






2.0 




V 


Ilp 


Peak load current 






150 




mA 


'os 


Output short citcuit sustain current 






12.5 




mA 


TC V o 


Temperature coefficient of output voltage 


l L =5mA 




—1.0 




mV/°C 


M5278L15 (V,=23V, l L =40mA,T a =25°C,C,=0. 33/*F,C o =0. 1 /uF, unless otherwise noted) 


Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Mm 


Typ 


Max 




Output voltage 




14.25 


15.0 


15. 75 


V 


Reg-in 


Input regulation 


17.5V^V,^30V 




80 


300 


mV 


20V^V,^30V 




60 


250 


Reg-L 


Load regulation 


1mA^l u ^100mA 




10 


150 


mV 


1 mA^I L <40mA 




5 


75 


Vo 


Output voltage 


17. 5V^V,^30V, 1mA^I L ^40mA 


14.1 


15.0 


15.9 


V 


V,=23V, 1 mA<l L <70mA 


14.1 


15.0 


15.9 


Ib 


Bias current 


L=0 




4.8 


6.7 


mA 


AI B 


Bias current differential 


23V^V,^30V, l L =40mA 




0.1 


1.5 


mA 


V,=23V, 1 mA^I L ^40mA 






0.2 


v NO 


Output noise voltage 


BW- 10Hz~100kHz 




140 




fx Vrms 


RR 


Ripple rejection ratio 


f=120Hz, Vm^OdBm 




52 




dB 


V,-V Q 


Minimum input-output voltage difference 






2.0 




V 


Ilp 


Peak load current 






150 




mA 


los 


Output short circuit sustain current 






12.5 




mA 


TC vo 


Temperature coefficient of output voltage 


l L =5mA 




-1.2 




mV/°C 
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MITSUBISHI LINEAR ICs 

M5278LXX 



(5V,5.6V,8V,9V, 10V, 12 V. 15V)3-TERMINAL FIXED POSITIVE 
OUTPUT VOLTAGE REGULATOR (WITH FOLD-BACK PROTECTION CIRCUIT) 



TYPICAL CHARCTERISTICS 



THERMAL DERATING (MAXIMUM RATING) 

.J 000 



BIAS CURRENT VS. INPUT VOLTAGE 
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MITSUBISHI LINEAR ICs 

M5278LXX 



(5V,5.6V,8V,9V, 10V, 12V, 15V) 3- TERMINAL FIXED POSITIVE 
OUTPUT VOLTAGE REGULATOR (WITH FOLD-BACK PROTECTION CIRCUIT) 
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MITSUBISHI LINEAR ICs 

M5278LXX 



(5V,5.6V,8V,9V,10V, 12V, 15V) 3-TERMINAL FIXED POSITIVE 
OUTPUT VOLTAGE REGULATOR (WITH FOLD-BACK PROTECTION CIRCUIT) 
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FOLD-BACK PROTECTION CIRCUIT 

The M5278L series has been designed to be complete 
with three-pin, 78L type regulators manufactured by 
other companies for applications with loading currents in 
the 100mA class. They additionally have an internalized 
fold-back protection circuit for protection against 
shorted loads. 

Other 78L units do have an internalized protection cir- 
cuit known as a drooping type circuit that are rether 
simple, merely limiting maximum loading current. When 
large current begins to flow in these units due to a short 
circuit, abnormal temperatures are generated leading to 
breakdown and effective setting reliability. 

As shown in the diagram, the fold-back protection cir- 
cuit employed in the M5278L decreases immediately 
excessive current caused by a short in the load. This not 
only improves set reliability but permits the elimination 
of such protection circuits as fuses in the protection cir- 
cuit. 

PRECAUTIONS FOR USE 

The current-control circuit requires that, as an IC power 
supply, this device be operated within the fold-back 
operating range shown in the accompanying chart. 



OUTPUT VOLTAGE VS. LOAD CURRENT 




LOAD CURRENT 
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MITSUBISHI LINEAR ICs 

M5T494P, FP 

SWITCHING REGULATOR CONTROL 



DESCRIPTION 

The M5T494P.FP is a monolithic IC designed for a 
pulse-width-modulation control circuit. 

It contains all functions necessary to control a switching 
power supplies. It employs an on-chip reference voltage cir- 
cuit, error amplifier, saw-teeth wave oscillator, dead-time 
control comparator, a flip-flop buffer capable of both sink 
and source. 

It also contains an undervoltage-lockout (UVLO) function, 
which turns the output completely even in transit state due 
to the rising and falling of power supply. 

FEATURES 

• Built-in undervoltage lock-out circuit 

• Buil-in reference regulator 5V±5% 

• Applicable to single-end and push-pull circuits 

• Uncommitted outputs for 200mA sink or source outputs 

APPLICATION 

Switching regulator, step-up regulator, step-down regulator, 
voltage inversion regulator. 

RECOMMENDED OPERATING CONDITIONS 

Supply voltage range 7~40V 

Pin (D current less than 0.3mA 

Timing capacitor C T 470pF~3.3//F 

Timing resistor R T 1,8~500kQ 

Oscillator frequency lower than 300kHz 



PIN CONFIGURATION (TOP VIEW) 
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INPUT A 
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INPUT B 
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CONTROL 
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fj] COLLECTOR 2 
JO] EMITTER 2 
J] EMITTER 1 




16-pin molded plastic DIP 



16-pin molded plastic FLAT 
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MITSUBISHI LINEAR ICs 

M5T494P, FP 



SWITCHING REGULATOR CONTROL 



ABSOLUTE MAXIMUM RATINGS (T a =25°C, unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


Vcc 


Supply voltage 




41 


V 


V|CM 


Common phase input voltage range of error amplifier 




-0. 3- V cc 


V 


V,o 


Differential input voltage of error amplifier 




Vcc 


V 


Vo 


Output voltage 




41 


V 


lo 


Output current 




200 


mA 


v® 


Pin (Q) applied voltage range 




-0. 3~V®+0. 3 


V 


Pd 


Power dissipation 




1000(M5T494P) 


mW 


800(M5T494FP) 




Thermal derating 


T a ^25°C 


8(M5T494P) 


mW/°C 


6.4(M5T494FP) 


"•"opr 


Operating temperature 




-20 — h-85 


°C 


T stg 


Storage temperature 




-40 — 1-125 


°C 


ELECTRICAL CHARACTERISTICS (V C c=15V,fosc=40kHz,T a =-20 — |-7Crc, unless otherwise noted) 


Symbol 


Block 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


Vref 


REFERENCE 


Output voltage 


'ref=— 1mA, Tj=25°C 


4. 75 


5 


5. 25 


V 


AV r ef in 


Input stability 


V C c=7~40V 
lref=— 1mA,Tj=25°C 




1 


10 


mV 


A Vref l 


Load stability 


I ref = — 1 1 0mA, Tj =25 °C 




2 


20 


mV 


AVref/ATa 


Output voltage temperature ragulaiton 


T a =-20~+85°C, l r ef=-1mA 




0.01 


0. 03 


%/°C 


Is 


Output short current 


Vref=0 


-50 


-30 


-15 


mA 


fosc 


OSCILLATOR 


Oscillation frequency setting value 


C T =4700pF, R T =6.2kQ 


37 


41 


45 


kHz 


Af/fs 


Oscillation frequency setting 
accuracy 


V CC =7~40V, T a =25°C 

C T , R-n within recommended ratings 




10 




% 


Af/f IN 


Frequency input stability 


V CC =7~40V, T a =25°C 
C T =4700pF, R T =6.2kQ 




0.5 


1.5 


% 


Af/fya 


Frequency thermal regulation 


T a =0~70°C 
C T =4700pF, R T =6. 2k Q 




1 


2 


% 


1(3) 


DEAD-TIME 
CONTROL 


Input bias current 


V(4)=0~5. 25V 


-7 


-0.7 




*A 


n max 


Maximum duty (each output stage) 


V®=0V 


42 


45 


48 


% 


V(J)TH1 


Input threshold voltage 1 


Output pulse 0% duty 




2. 45 


2. 80 


V 


V(3)TH2 


Input threshold voltage 2 


Output pulse maximum duty 


0 






V 


Vampio 


ERROR 
AMPLIFIER 


Input offset voltage 


V(D=2. 5V 




1 


7 


mV 


'ampio 


Input offset current 


V(3)=2. 5V 




5 


200 


nA 


Iampib 


Input bias current 


V(3)=2. 5V 


-700 


-100 




nA 


Vampicm 


Common phase input voltage range 


V CC =7~40V 


-0.3 




Vcc-2 


V 


A v 


Open loop voltage gain 


V@=0. 5—3. 5V, T a =25°C 


70 


110 




dB 


fx 


Unity gain frequency 


T a =25°C 


500 


900 




kHz 


CMRR 


Common mode signal rejection ratio 


V C c=40V,T a =25 o C 


65 


85 




dB 


'(Dsink 


Output sink current 


V®=0. 7V i 


0.3 


0.7 




mA 


'(Dsource 


Output source current 


V®=3. 5V 




-10 


-2 


mA 


V©RANGE 


Output voltage range 


Low level 


l©=0 




0.1 


0.3 


V 


High level 


4.2 


4.9 




V 


V®TH 


PWM 
COMPA- 
RATOR 


Input threshold voltage 


Output pulse 0% duty 




3.4 


3.8 


V 


'(Dsink 


Input sink current 


V (3) =0. 7V 


0.3 


0.7 




mA 


'cl 


OUTPUT 


Collector leak current 


V CE =40V, V CC =40V 
Common emitter 




0.01 


100 


f,k 


•el 


Emitter leak current 


V cc =Vc=40V,V E =0V 
Emitter follower 


-100 


-0. 01 






VcESAT 


Cpllector saturation voltage 
(emitter grounded) 


l c =200mA, V E =0V 




0. 95 


1.3 


V 


VcEON 


Collector saturation voltage 
(emitter follower) 


l E =— 200mA, V C =15V 




1.6 


2.5 


V 
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MITSUBISHI LINEAR ICs 

M5T494P,FP 



SWITCHING REGULATOR CONTROL 



Symbol 


Block 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


tn 


OUTPUT 


Output voltage rising time (common emitter) 


V C c=15V, R U =150Q 
l c =100mA,T a =25 o C 




80 


200 


ns 


tfi 


Output voltage falling time (common emitter) 




30 


100 


ns 


tr2 


Output voltage rising time (emitter follower) 


Vcc=V c =15V, R L =150Q 
l E =- 100mA, T a =25°C 




200 


400 


ns 


tf2 


Output voltage falling time (emitter follower) 




30 


100 


ns 


I® 


Output control input bias current 


V<Q)=V r ef 


270 


550 


1000 


A* A 


VcCLO 


UNDER- 

VOLTAGE 

LOCK-OUT 


Undervoltage lock-out voltage 


Supply voltage at which output is OFF 


3.8 


5 


5.7 


V 


A VcCLO 


UVLO hysteresis width 


100 


200 


380 


mV 


•cCSB 


CONSUMED 
CURRENT 


Standby current 


V cc — 15V, other pins are open 




6.7 


11.5 


mA 


•CCBI 


Bias current 


V<D=2V 




7.3 


13 


mA 



TEST CIRCUITS 



51 kQ 




M5T494P 
M5T494FP 



777" 




TYPICAL CHARACTERISTICS 

THERMAL DERATING (MAXIMUM RATING) 



TEST INPUT 

Note- Connect Pin (D and Pin (JD to Vcc and connect Pin (9) and Pin 

<® to GND via resistors R L when emitter follower output is used. 
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MITSUBISHI LINEAR ICs 

M5T494P, FP 



SWITCHING REGULATOR CONTROL 
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MITSUBISHI LINEAR ICs 

M5T494P, FP 

SWITCHING REGULATOR CONTROL 
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VOLTAGE WAVEFORMS 
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PIN ® VOLTAGE AND OPERATION MODE 



Pin ® Voltage 


Operational mode 


Vref 


Push-pull operation 


GND 


Single-end or parallel operation 
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TIMER 



QUICK REFERENCE TABLE OF TIMERS 



Application 


Type No 


Processing time 


Features 


Electrical characteristics 


Package 
outline 


Supply voltage 
range 


Output current 
(max.) 


Circuit current 
(typ.) 


CR timer 


M51841P 


100//s~180sec 


High output current 200mA 


4. 5~16V 


200mA 


10mA 


8-pin DIP 


M51843P | 


10ms~180sec 


Internal open collector and emitter outputs 
Built-in ON/QFF control and discharge circuit 


^ 4.5~16V 


200mA 


13mA 


14-pin DIP 


M51848 


lO^s—ISOsec 


Maximum operating frequency 100kHz 
Built-in supply voltage reset circuit 


4—17V 


200mA 


7mA 


8-pin DIP 
8-pin SIP 


Dual CR timer 


M51847P 


180sec 


Maximum operating frequency 100kHz 
Built-in supply voltage reset circuit 


4 — 17V 


100mA 


10mA 


14-pin DIP 


High-speed CR timer x 


M52051 P 


1 ^s~1sec 


Maximum osccilator frequency 1MHz 
Built-in reset circuit 


4. 5—5. 5V 


5mA 


11mA 


8-pin DIP 


II L- counter timer 


M51849L | 


100ms~50hr 


Built-in supply voltage reset circuit and stabilization 
zener 

Built-in 11 stage divider 


5~V 2 


30mA 


3. 5mA 


8-pin SIP 


CMOS counter timer 


M58479P 


50ms~4800hr 


Low pwoer dissipation 
Selection of division ratio 


7. 4—9V 


1.6mA 


0. 25mA 


14-pin DIP 


M58482P 


50ms~4800hr 


Low power dissipation 
Selection of division ratio 


3—9V 


1.6mA 


25 /uA 


14-pin DIP 



8-pin DIP 8-pin SIP 14-pin DIP 




MITSUBISHI LINEAR ICs 

M51841P 

SINGLE TIMER 



DESCRIPTION 

The M51841P monolithic timing circuit is highly stable con- 
troller capable of producing accurate time delays, or 
oscillation. Additional terminals are provided for two voltage 
comparators, triggering or resetting, if desired, applicable 
for a wide range of usage as monostable or astable multi- 
vibrators. The output can be directly connected to TTL or 
DTL circuits. 

The M51841P is interchangeable with the Signetics NE555. 

FEATURES 

• Capable of forming a monostable multivibrator with one 
resistor and capacitor 

• Capable of forming an astable multivibrator with two re- 
sistors and a capacitor 

• Supply voltage rejection ratio 0.01%V(typ.) 

• Temperature coefficient 50ppm/°C(typ.) 

• High output current 200mA(max.) 

APPLICATION 

Time-delay generator monostable multivibrator) , pulse 
oscillator (astable multivibrator) , pulsewidth modulation, 
pulse position modulation, sequential timer, DC-DC con- 
verter 

RECOMMENDED OPERATING CONDITIONS 

Supply voltage range 4.5~16V 

Rated supply voltage 5V, 12V, 15V 



PIN CONFIGURATION (TOP VIEW) 
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MITSUBISHI LINEAR ICs 

M51841P 



SINGLE TIMER 



ABOLUTE MAXIMUM RATINGS (T a =25°C, unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


Vcc 


Supply voltage 




18 


V 


lo(peak) 


Output current 




200 


mA 


Pd 


Power dissipation 




625 


mW 


K e 


Thermal derating 


T a ^25°C 


6. 25 


mW/°C 


Topr 


Operating ambient temperature 




-20 — h75 


°C 


Tstg 


Storage temperature 




-40 — hi 25 


°C 



ELECTRICAL CHARACTERISTICS (T a =25°C, V CC =5~15V, unless otherwise noted) 



Symbol 


Parameter 




Test conditions 


Limits 


Unit 


Vcc(V) 


Min 


Typ 


Max 


Vcc 


Supply voltage 






4.5 




16 


V 




Circuit current 


5 


R L =oo 




3 


6 


mA 


'cc 


15 


R L =oo 




10 


15 


v REF 


Reference voltage 


5 




2.6 


3. 33 


4.0 


V 


15 




9 


ro 


11 


V TH 


Threshold voltage 








2/3V cc 




V 


Ith 


Threshold current 








0.1 


0. 25 


//A 


V t 


Trigger voltage 








1/3V CC 




V 


It 


Trigger current 








0.5 


1.0 


//A 


Vr 


Reset voltage 








0.7 


1.0 


V 


Ir 


Reset current 








0.1 




mA 






5 


lsiNK = 5mA 




0. 25 


0. 35 




Vol 


Low output voltage 


15 


lsiNK=10mA 




0.1 


0. 25 


V 


15 


lsiNK = 50mA 




0.4 


0. 75 






15 


l s , NK =100mA 




2.0 


2.5 




Vqh 


High output voltage 


5 


lsouRCE = 100mA 


2.75 


3.3 




V 


15 


I source— 100mA 


12. 75 


13.3 






Timing error 








0.5 




% 




Temperature coefficient 








50 




ppm/°C 




Supply voltage rejection ratio 








0. 01 




%IM 



TYPICAL CHARACTERISTICS (T a =25°C, unless otherwise noted) 

THERMAL DERATING 
(MAXIMUM RATING) 
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SUPPLY VOLTAGE 
VS. CIRCUIT CURRENT 



T a =-20 6 C / A 












"25°C 
75°C 
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M51841P 



SINGLE TIMER 




LOW OUTPUT VOLTAGE VS. 
OUTPUT SINK CURRENT 



o 




0. 01 



'1 3 5 7 10 3 5 7100 3 5 7 1000 

OUTPUT SINK CURRENT iWmA) 



PROPAGATION DELAY VS. 
LOWEST VOLTAGE LEVEL 
OF TRIGGER PULSE 
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TRIGGER PULSE / 

-II > 1/3V CC / 

T V T rsMn J 


V cc =15 
ilOV 


V 








714V 


































0 0.1 0.2 0.3 0.4 0. 
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MITSUBISHI LINEAR ICs 

M51841P 



SINGLE TIMER 



PIN DESCRIPTION 

1. Trigger pin (pin®) 

When the voltage at the trigger pin is reduced to lower 
than 1/3V C c. timing operation is started. Time of applying 
the trigger voltage "L" should be shorter than the time 
set by CR. 

2. Output pin (pin(D) 

Logic output level is normally in the low state but is in 
the high state during timing operation. The output circuit 
is shaped like a totem-pole and withstands maximum 
load current of 200mA. The circuit can be directly con- 
nected to TTL or DTL circuits. 

3. Reset pin (pin ®) 

Timing operation can be interrupted by applying the re- 
set signal to a reset pin. (The voltage at this pin must be 
less than 1V.) 

If the reset signal is applied, the output is in the low 
state and the reset condition is maintained as long as the 
signal is applied. The output stays in the low state until 
the reset signal is replaced with the set signal (trigger 
signal at a trigger pin) . Connect this pin to V C c if not 
used. 



4. Reference voltage pin (pin (5)) 

The voltage at this pin is normally set at 2/3V C c- By ap- 
plying reference voltage, delay-time or oscillation fre- 
quency can be changed. The control signal for pulse- 
width modulation is applied at this pin. Connect a capa- 
citor of 0.01//F between this pin and GND as a noise fil- 
ter, if the pin is not used. 

5. Threshold pin (pin ®) 

The delay-time is determined by CR time constants con- 
nected to this pin. The delay-time of a monostable multi- 
vibrator td is expressed by the equation t<j % 1.1R A C A . 

6. Discharge pin (pin ®) 

The timed capacitor discharges at this pin. The dis- 
charge is enabled when a flip-flop in the device is ON 
and the reset signal is applied. In a monostable multivib- 
rator, the capacitor is connected to pin © 



APPLICATION EXAMPLES 



(1) Delay-timer 

(monostable multivibrator) 



(2) Pulse oscillator 

(astable multivibrator) 



fu: 



CA2Z 



-ovcc 



LOAD 



®-| M51841P 

(2> 



^.TRIGGER 



4=0.01/iF 



DELAY-TIME 
td%1.1R A C A 



Precautions for use 

1. Care must be taken not to connect the discharge pin 
(pin ©) directly to V C c-Such connection causes a short 
circuit of V C c and GND through a discharge transitor 
(built in to the device) and may destroy the integrated 
circuit. 

2. Connect the reset pin (pin®) to V cc . if not used. 

3. A capacitor connected to a reference voltage pin (pin 
©) functions as a noise filter. Choose appropriate 
capacitance according to the noise induced. The 
M51843P is recommended for use in an environment 
where noise may cause misoperation. 




o vcc 



OSCILLATION FREQUENCY 

f=1.44/(R A +2R' B )C A 
duty cycle 
D=R B /(R A +2R B ) 
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SINGLE TIMER 



DESCRIPTION 

The M51843P monolithic timing circuit is highly stable control- 
ler capable of producing accurate time delays, or oscillation. 
Additional terminals are provided for two voltage comparators, 
triggering or resetting, if desired, applicable for a wide range 
of usage as monostable or astable multivibrators. The circuit 
consists of noise filter pin, shutdown control circuit, and zener 
diode for supply voltage regulation, providing excellent anti- 
noise characteristics. 

FEATURES 

• Capable of forming a monostable multivibrator with a 
resistor and a capacitor 

• Capable of forming an astable multivibrator with two re- 
sistors and a capacitor 

• Supply voltage rejection ratio 0.01 %V (typ.) 

• Temperature coefficient 50ppm/°C (typ.) 

• High output corrent 100mA (max.) 

• Noise filter pin provided 

• Discharge control, and shutdown control pins 

• Built-in zener diode for supply voltage regulation 

• Emitter and collector outputs 

APPLICATION 

Time delay generator (monostable multivibrator) , pulse 
oscillator, pulsewidth modulation, pulse position modulation, 
sequential timer 



PIN CONFIGURATION (TOP VIEW) 



reference voltage |t 
nc[T 

THRESHOLD [T 
DISCHARGE |T 

DISCHARGE CONTROL |T 

ZENER IT- 
SHUTDOWN CONTROL LI 

VccU 



2 



CO 
"0 



75] RESET 
75] NC 

j|] EMITTER OUTPUT 

tt] collector output 
75] noise filter 
t\ trigger 
T|gnd 



nc : NO CONNECTION 




RECOMMENDED OPERATING CONDITIONS 

Supply voltage range 4.5~16V 

Rated supply voltage 5V, 12V, 15V 



14-pin molded plastic DIP 



BLOCK DIAGRAM POWER SUPPLY 



REFERENCE VOLTAGE 0) 
THRESHOLD (3> 



TRIGGER (9> 



GND (8> 




COMPAPATOR 




COMPAPATOR 



NOISE FILTER 




Vbia? N 



KM) RESET 



FLIP FLOP 



R 

Q 

s 






OUTPUT 
STAGE 







11) COLLECTOR OUTPUT 
EMITTER OUTPUT 



SHUTDOWN 
CONTROL 



DISCHARGE 
CONTROL 




(4) DISCHARGE 



(t) (D 

ZENER DISCHARGE 
SHUTDOWN CONTROL CONTROL 
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SINGLE TIMER 



ABSOLUTE MAXIMUM RATINGS (T a =25°C, unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


V CC 


Supply voltage (pin©) 




18 


V 


lz 


Zener Current (pin©) 




10 


mA 


loc 


Collector output current 


Saturation 


200 


mA 


BV© 


Breakdown voltage (pin©) 




27 


V 


Pd 


Power dissipation 




650 


mW 


K e 


Thermal derating 


T a ^25°C 


6.5 


mW/°C 


Topg 


Operating temperature 




-20 — h75 


°C 


Tstg 


Storage temperature 




-40-+125 


°c 



ELECTRICAL CHARACTERISTICS <t b -2TC v cc =5~i5v) 



Symbol 


Parameter 




Test Conditions 


Limits 


Unit 


Vcc(V) 




Min 


Typ 


Max 


Vcc 


Supply voltage 




Excluding pin 
Rl =0 ° 


4.5 




16 


V 


'cc 


Circuit current 


5 




4 


10 


mA 


15 




13 


22 


v REF 


Reference voltage 


5 




2.6 


3. 33 


4.0 


V 


15 




9 


10 


11 


V TH 


Threshold voltage 








2/3V cc 




V 


'th 


Threshold current 








0.1 


0. 25 


juA 


V t 


Trigger voltage 








1/3V CC 




V 


It 


Trigger current 








0.5 


1.0 


juA 


Vr 


Reset voltage 








0.7 


1.0 


V 


Ir 


Reset current 








0.1 




mA 


V z 


Zener voltage 




l z =2mA 


6.5 


7.5 


8.5 


V 


V SC 


Voltage range of shutdown control at pin© 








2.4 


4.0 


V 


Voce 


Voltage range of discharge control 








0. 7+ V cc 


1.0+ V cc 


V 


Voc 


Collector output voltage 


5 


l O c=30mA 




0. 15 


0.3 


V 


15 


l oc =10mA 




0. 05 


0.1 


15 


l 0 c= 100mA 




0.3 


1.0 




Emitter output current 


15 




1 


2 




mA 




Timing accuracy 








0.5 




% 




Temperature coefficient 








50 




ppm/°C 




Supply voltage rejection ratio 








0. 01 




%/y 
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TYPICAL CARACTERISTICS (unless otherwise noted T a =25C) 
THERMAL DERATING 
(MAXIMUM RATING) 



1000 
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z 
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o 

Q. 




100 125 
AMBIENT TEMPERATURE T a (°C) 
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O 



25 



20 



CIRCUIT CURRENT 
VS. SUPPLY VOLTAGE 
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/-25°C 
-75°C 
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o 

DC 
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COLLECTOR OUTPUT VOLTAGE 
VS. OUTPUT CURRENT 
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MITSUBISHI LINEAR ICs 

M51843P 



SINGLE TIMER 



SHUTDOWN CONTROL 
CHARACTERISTICS 



DISCHARGE CONTROL 
CHARACTERISTICS 




0 12 3 4 

SHUTDOWN CONTROL VOLTAGE( PIN©) 
Vsc(V) 



< 

E 



< 
I 
O 




"0 0.25 0.5 0.75 1.0 1.25(+V CC ) 
DISCHARGE CONTROL VOLTAGE(PIN(5)) 

v DCC (v) 



PIN DESCRIPTION 

1 . Refernce voltage pin (pin ®) 

The voltage at this pin is normally set at 2/3V C c- By ap- 
plying reference voltage, delay time or oscillation fre- 
quency can be changed. The control signal for pulse- 
width modulation is applied at this pin. Connect a capa- 
citor of 0.01 /^F between this pin and GND as the noise 
filter, if the pin is not used. 

2. Threshold pin (pin ®) 

The delay time is determined by CR time constants con- 
nected to this pin. The delay time of a monostable multi- 
vibrator td is expressed by the equation td%1.1R A C A . 

3. Discharge pin (pin ®) 

The timed capacitor discharges at this pin. The dis- 
charge is enabled when a flip flop in the device is ON 
and the reset signal, discharge control signal or shut- 
down signal are applied. In a monostable multivibrator, 
the capacitor is connected to pin ® 

4. Discharge control pin (pin ®) 

If a capacitor is connected between this pin and GND, 
the discharge pin (discharge transistor) is enabled by ap- 
plying discharge control signal (approximately V cc + 
0.7V) to this pin. The timing capacitor can be automati- 
cally discharged when power supply drops. The capaci- 
tance should be 1/10-1/30 of that of the timing capacitor. 

5. Zener/shutdown control pin (pin ®) 

Supply voltage can be regulated (at approximately 8V) 
by connecting this pin to V cc (pin®) - By controlling the 
voltage at this pin as the shutdown control voltage 
(approximately 2.4V), discharge of timing capacitor and 
OFF of the output stage can be controlled. 



6. Trigger pin (pin ®) 

When the voltage level at trigger pin is reduced to lower 
than 1/3V C c» timing operating is started. 

7. Noise filter pin (pin ®) 

Connect a capacitor between this pin and GND as the 
noise filter. Appropriate capacitance must be chosen 
according to the noise induced. (Normally less than OAju 
F) 

8. Collector output pin (pin ®) 

The maximum load current of 200mA can be applied. 
Logic output level is in the low state from the high state 
when the output stage is ON. 

9. Emitter output pin (pin ®) 

This pin drives externally connected transistors or thyris- 
tors. The load current is 2mA typ. 

10. Reset pin (pin ®) 

Timing operation can be interrupted by applying the re- 
set signal to a reset pin. (The voltage at this pin must 
be less than IV.) 

If the reset signal is applied, the output is in the low 
state and the reset condition is maintained as long as 
the signal is applied. The output stays in the low state 
until the reset signal is replaced with the set signal 
(trigger signal at a trigger pin). Connect this pin to V cc 
if not used. 
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APPLICATION EXAMPLES 



(1) DELAY TIMER 

SR1FM-8X2 




DELAY TIMEtd%1.1RAC A 



Unit : 

Resistance ' CI 
Capacitance '. F 



(2) ASTABLE OPERATION 
SR1FM-2 



R B | ®" M51843P 

*' — ®- 



0. \n 



RELAY 




ODC24V 



■<§> 



FREE RUNNING FREQUENCY 
f=1.44/(R A +2R B )C A 
duty cycle 
D=R b (Ra+2Rb) 
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MITSUBISHI LINEAR ICs 

M51848L,P 

SINGLE TIMER 



DESCRIPTION 

The M51848L, P are semiconductor integrated circuits de- 
signed for producing accurate timing pulse and time delay. 
The delay time can be set from microseconds through mi- 
nutes by externally connected resistor and capacitor. 
In an astable multivibrator, the maximum frequency is 
100kHz. 

The reset voltage is 1.4V typ. (T a =25 0 C), and compatible- 
with TTL level. 

FEATURES 

• Timing from microseconds through minutes 

• Wide range of unage as monostable or astable multivib- 
rators 

• Maximum oscillation frequency 100kHz 

• Reset voltage is compatible with TTL level 

• Built-in supply voltage reset circuit for setting the output 
in the low state, when power is supplied 

APPLICATION 

Monostable multivibrator, astable multivibrator, pulsewidth 
modulation 

RECOMMENDED OPERATING CONDITIONS 

Supply voltage range 4.5—17V 



PIN CONFIGURATION (TOP VIEW) 

gnd|T 
trigger [t 
output|T 

RESET [T 

reference voltage [t 
threshold [? 
discharge [t 
gnd[T 




gnd[T 

TRIGGER [7 
OUTPUT [T 
RESET [T 



Ol 
00 
00 

u 



jDVcc 

7] DISCHARGE 
T| THRESHOLD 
T] REFERENCE VOLTAGE 




8-pin molded plastic DIP 



8-pin molded plastic SIP 



BLOCK DIAGRAM 



POWER SUPPLY 

(s) 



REFERENCE VOLTAGb (5} 
TERESHOLD (t) 




SUPPLY VOLTAGE 
RESET CIRCUIT 



COMPARATOR 



TRIGGER (2 




FLIP FLOP 




4) RESET 



Vr 

COMPARATOR 



OUTPUT- 



STAGE 



3) OUTPUT 



DISCHARGE 



! y 

-d>— 



COMPARATOR 
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ABSOLUTE MAXIMUM RATINGS (T a =25°C, unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


Vcc 


Supply voltage 




18 


V 


•o(Deak) 


Output current 




200 


mA 


Pd 


Power dissipation 




360(M51848L) 


mW 


625(M51848P) 


K e 


Thermal derating 


T a ^25 6 C 


3.6(M51848L) 


mW/°C 


6. 25(M51848P) 


Topr 


Operating ambient temperature 




-20 — 1-75 


°C 


Tstg 


Strage temperature 




-48—4-125 


°C 



ELECTRICAL CHARACTERISTICS (T a =25°C, V CC =5~15V, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Units 


Mm 


Typ 


Max 


Vcc 


Supply voltage 




4 




17 


V 


'cc 


Curcuit current 


V CC =5V, R L =oo 




3 


5.5 


mA 


V CC =15V, R L =oo 




7 


10 


V REF 


Reference voltage 


V CC =5V . 


2.6 


3. 33 


4.0 


V 


V CC =15V 


9 


10 


11 


Vth 


Threshold voltage 






2/3V cc 




V 


'th 


Threshold current 






0. 05 


0.3 


juA 


V t 


Trigger voltage 






1/3V CC 




V 


It 


Trigger current 






0.1 


0.5 


juA 


V r 


Reset voltage 




1.0 


1.4 


2.0 


V 


Ir 


Reset current 






0. 05 


0.2 


/uA 


Vol 


Low output voltage 


Vcc=5V, l S iNK=5mA 




0. 05 


0.2 


V 


V CC =15V, l S iNK=10mA 




0. 05 


0.2 


V CC =15V, l S iNK=50mA 




0.2 


0.5 


V CC =15V, I S ink= 100mA 




0.5 


2.0 


Vqh 


High output voltage 


V C c=5V, I S ourse= 100mA 


2.8 


3.3 




V 


V C c=15V, Isouse= 100mA 


12.8 


13.3 






Supply voltage rejection ratio 






0. 01 




% 


fmax 


Maximum operating frequency 


RA=R B =2kn, C A =200pF 


100 






kHz 



TYPICAL CHARACTERISTTCS (T a =25°C, unless otherwise noted) 

THERMAL DERATING 
(MAXIMUM RATING) 



1000 



800 



o 

< 



600 



400 

Q 
CC 



200 































































M5 


184* 


JP 




































-MR 












































































Si 




















I «» 







25 50 75 100 
AMBIENT TEMPERATURE T a (°C) 



125 



DELAY TIME VS. 
TIMING RESISTOR, CAPACITANCE 



10~ 1 

LU 

> 10- 3 

_J 

LU 

Q 

10" 





R A C A 












V 








-f 


#^ 

/ >$> 










- — <fy 

















10~ 3 10 -2 10 _1 1 10 
CAPASITOR C A UF) 
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MITSUBISHI LINEAR ICs 

M51848L,P 

SINGLE TIMER 



o 

2 



FREE RUNNING FREQUENCY VS 
TIMING RESISTOR, CAPACITOR 

10 5 



10 4 
10 3 







. ' 1.44 
' (R A +2R B 


)C A 
















X* 

X 


- 























10~ 





12.5 


< 


10.0 


E 








_o 




h- 


7.5 


Z 




HI 

DC 




DC 




D 
O 


5.0 


h- 




z> 




o 


2.5 


DC 


o 






0 



CIRCUIT CURRENT VS. 
SUPPLY VOLTAGE 

















Ta=- 


20°C 

— T a =; 


>5°C 








a=75°C 























CAPACITOR C A (^F) 



20 



SUPPLY VOLTAGE V CC (V) 



25 



HIGH OUTPUT VOLTAGE VS. 
OUTPUT SOURCE CURRENT 



LOW OUTPUT VOLTAGE VS. 
OUTPUT SINK CURRENT 



o 
> 



o 
I 
CD 
I 




J 1 3 5 7 10 3 5 7 100 3 5 7 1000 

OUTPUT SOURCE CURRENT lsouc E (mA) 



§ 3 

t- 

| 0.1 

D 7 

O 5 

o 3 



0.01 



— v 


DC 




5V 


Hi 






























Ta= 


2C 


U C 






















































~ T 






;°r 
































































i~ 


7£ 


>C 









































































































































































































1 3 5 7 10 3 5 7 100 3 5 7 1000 

OUTPUT SINK CURRENT l S | NK (mA) 



LOW OUTPUT VOLTAGE VS. RESET VOLTAGE VS. 

OUTPUT SINK CURRENT SUPPLY VOLTAGE 




OUTPUT SINK CURRENT l SINK (mA) SUPPLY VOLTAGE V CC (V) 



5-14 



A MITSUBISHI 
ELECTRIC 



MITSUBISHI LINEAR ICs 

M51848L,P 
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PIN DESCRIPTION 

1. Trigger pin (pin ®) 

When the voltage at the trigger pin is reduced to lower 
than 1/3V C c. timing operation is started. Once triggered, 
the voltage is not affected during operation by the trigger 
voltage. 

2. Output pin (pin ®) 

Logic output level is normally in the low state but is in 
the high state during timing operation. The output circuit 
is shaped like a totem-pole and withstands maximum 
load current of 200mA. The circuit can directly drive the 
TTL or DTL circuits. 

3. Reset pin (pin ®) 

Timing operation can be interrupted by applying the re- 
set signal to a reset pin. (The voltage at this pin must be 
less than 1.4V.) 

If the reset signal is applied, the output is in the low 
state and the reset condition is maintained as long as the 
signal is applied. The output stays in the low state until 
the reset signal is removed and the set signal (trigger 
signal at a trigger pin) is applied. Connect this pin to V C c 
if not used. 



4. Recerence voltage pin (pin ®) 

The voltage at this pin is normally set at 2/3V C c- By ap- 
pling reference voltage, delay time or oscillation fre- 
quency can be changed. The control signal for pulse- 
width modulation is applied through this pin. Connect a 
capacitor of 0.01 juF between this pin and GND as noise 
filter, if the pin not used. 

5. Threshold pin (pin ©) 

The delay time is determined by CR time constants con- 
nected to this pin. The delay time of a monostable multi- 
vibrator td is expressed by the equation td^rl.lRACA. 

6. Discharge pin (pin ®) 

The timing capacitor discharges at this pin. The dis- 
charge is enabled when a flip flop in the device is ON 
and the reset signal is applied. In a monostable multivib- 
rator, the capacitor is connected to pin ©. 



APPLICATION EXAMPLES 

(1) Delay-timer (monostable multivibrator) 

-o Vcc 

LOAD 




(2) Pulse oscillator (astable multivibrator) 



RESET 



-0-f 



:C A 



M51848P/L 




~o Vcc 



LOAD 



Iff 



3) 

io 01/iF 

irr 

FREOUENCY 
f=1.44/(R A +2R B )C A 
duty cycle 
D=R b /(R a +2Rb) 



Precautions for us 

1. Care must be taken not to connect the discharge pin 
(pin ©) directly to V cc - Such connection causes short 
circuit of V cc and GND through a discharge transistor 
(built into the device) and may destroy the integrated 
circuit. 

2. Connect the reset pin (pin®) to V cc , if not used. 



3. A capacitor connected to a reference voltage pin (pin 
©) functions as the noise filter. Choose appropriate 
capacitance according to the noise induced. The 
M51843P is recommended for use in any environment 
where noise causes misoperation. 
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MITSUBISHI LINEAR ICs 

M51847P 



DUAL TIMER 



DESCRIPTTON 

The M51847P is a semiconductor integrated circuit consist- 
ing of circuits of the M51848P timer. The two circuits oper- 
ate independently. 

In an astable multivibrator, the maximum frequency is 
100kHz. 

The reset voltage is 1.4V typ. (T a =25°C) , and compatible 
with TTL level. 

FEATURES 

• Timing from microseconds through minutes 

• Wide range of usage as monostable or astable multivib- 
rators 

• Maximum oscillation frequency 100kHz 

• Reset voltage is compatible with TTL level 

• Built-in supply voltage reset circuit for setting the output 
in the low state, when power is supplied 



PIN CONFIGURATION (TOP VIEW) 



DISCHARGE |T 
THRESHOLD |T 
REFERENCE VOLTAGE [T 
RESET [7 
OUTPUT [? 

trigger [t 
gnd|T 



2 

8 



H]v C c 

DISCHARGE 
T|] THRESHOLD 
TT| REFERENCE VOLTAGE 
To] RESET 
T] OUTPUT 
T] TRIGGER 



APPTCATION 

Monostable multivibrator, 
modulation 



astable multivibrator, pulsewidth 



RECOMMENDED OPERATING CONDITIONS 

Supply voltage range 4.5—1 7V 




14-pin molded plastic DIP 



BLOCK DIAGRAM 



DIS THRE REFERENCE 
V cc CHARGE SHOLD VOLTAGE RESET OUTPUT TRIGGER 

r~~ty — ( $ — Q { v>~cbw^ ) — ^ 

PARATOR 




~d) — d)- 



DIS THRE REFERENCE RESET OUTPUT TRIGGER GND 
CHARGE SHOLD VOLTAGE 
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MITSUBISHI LINEAR ICs 

M51847P 



DUAL TIMER 



ABSOLUTE MAXIMUM RATINGS (T a =25°C, unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


Vcc 


Supply voltage 




18 


V 


loc(peak) 


Collector output current 




100 


mA 


Pd 


Power disipation 




650 


mW 


K e 


Thermal derating 


T a ^25°C 


6.5 


mwrc 


Topr 


Operating ambient temperature 




-20 — h75 


°c 


Tstg 


Storage temperature 




-40 — H25 


°c 



ELECTRICAL CHARACTERISTICS (T a =25°C, V CC =5~15V, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Units 


Min 


Typ 


Max 


Vcc 


Supply voltage 




4 




17 


V 


'cc 


Curcuit current 


V CC =5V, R L =°° 




5 


9 


mA 


V CC =15V, R L =°° 




10 


19 


Vref 


Reference voltage 


V CC =5V 


2.6 


3. 33 


4.0 


V 


V CC =15V 


9 


10 


11 


Vth 


Threshold voltage 






2/3V cc 




V 


Ith 


Threshold current 






0. 03 


0.2 


juA 


V t 


Trigger voltage 






1/3V CC 




V 


It 


Trigger current 






0. 05 


0.4 


juA 


Vr 


Reset voltage 




1.0 


1.4 


2.0 


V 


Ir 


Reset current 






0. 05 


0.2 


juA 


Vol 


Low output voltage 


V C c=5V, l S iNK=5mA 




0. 05 


0.2 


V 


V C c=15V, l S iNK=10mA 




0. 05 


0.2 


V C c=15V, l S iNK=50mA 




0.2 


0.5 


V CC =15V, l S iNK=100mA 




1.0 


2.0 


Voh 


High output voltage 


V C c=5V, I S ourse= 100mA 


2.8 


3.3 




V 


V CC =15V, I S ouse= 100mA 


12.8 


13. 3 




fmax 


Maximum operating frequency 


R A =R B =2kfi, C A =200pF 


100 






kHz 



TYPICAL CHARACTERISTTCS (T a =25C, unless otherwise noted) 



THERMAL DERATING DELAY TIME VS. TIMING 

(MAXIMUM RATING) RESISTOR, CAPACITANCE 




AMBIENT TEMPERATURE T a (°C) CAPASITOR C A (^F) 
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MITSUBISHI LINEAR ICs 

M51847P 

DUAL TIMER 



FREE RUNNING FREQUENCY VS. 
TIMING RESISTOR, CAPACITOR 



10 4 







1 F 

' 1.44 
' (Ra+2R 


b)C a 
















\* 


X 

























10~ 3 10~ 2 10" 1 1 10 10 2 

CAPACITOR C a (aF) 



12.5 



o 10.0 



1 7.5 

Z) 

o 

t 5.0 
o 

° 2.5 



CIRCUIT CURRENT VS. 
SUPPLY VOLTAGE 





T a =-2C 


rc^y 


' T a =25°C 








-T a =75° 
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SUPPLY VOLTAGE V CC (V) 



> 

I 



< 



O 
> 



HIGH OUTPUT VOLTAGE 
VS. OUTPUT SOURCE CURRENT 




"1 3 5 7 10 3 5 7 100 3 5 7 1000 

OUTPUT SOURCE CURRENT l SO ucE(mA) 



CD 
< 



O 
> 



LOW OUTPUT VOLTAGE 
VS. OUTPUT SINK CURRENT 



0.1 



0. 01 





DC 




V: 






















































I 


■ =on°r 


























a 
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O 
> 
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RESET VOLTAGE VS. 
SUPPLY VOLTAGE 

















T a = 

/ 


-20°C 


!5°C 








=75°C 






T a = 
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MITSUBISHI LINEAR ICs 

M51847P 



DUAL TIMER 



PIN DESCRIPTION 

1. Trigger pin (pin®, ®) 

When the voltage at the trigger pin is reduced to lower 
than 1/3V C c. timing operation is started. Once triggered, 
the voltage is not affected during operation by the trigger 
voltage. 

2. Output pin (pin ®, ®) 

Logic output level is normally in the low state but is in 
the high state during timing operation. The output circuit 
is shaped like a totem-pole and withstands maximum 
load current of 200mA. The circuit can directly drive the 
TTL or DTL circuits. 

3. Reset pin (pin ®, ®) 

Timing operation can be interrupted by applying the re- 
set signal to a reset pin. (The voltage at this pin must be 
less than 1.4V.) 

If the reset signal is applied, the output is in the low 
state and the reset condition is maintained as long as the 
signal is applied. The output stays in the low state until 



the reset signal is removed and the set signal (trigger 
signal at a trigger pin) is applied. Connect this pin to V C c 
if not used. 

4. Reference voltage pin (pin ©, ®) 

The voltage at this pin is normally set at 2/3V cc . By ap- 
plying reference voltage, delay time or oscillation fre- 
quency can be changed. The control signal for pulse- 
width modulation is applied through this pin. Connect a 
capacitor of 0.01 jliF between this pin and GND as noise 
filter, if the pin not used. 

5. Threshold pin (pin ®, ®) 

The delay time is determined by CR time constants con- 
nected to this pin. The delay time of a monostable multi- 
vibrator td is expressed by the equation td#1.1RACA- 

6. Discharge pin (pin® , ®) 

The timing capacitor discharges at this pin. The discharge 
is enabled when a flip flop in the device is ON and the re- 
set signal is applied. In a monostable multivibrator, the 
capacitor is connected to pin threshold pin. 



APPLICATION EXAMPLE 

DUTY CYCLE VARIABLE OSCILLATOR 

2SC2603 2SA1115 




OUTPUT WAVEFORM 







tH 


T 



n_n_ 



t H is variable by the R A , having the T fixed 
,(Ra+2R b )C a 



T=- 



1.44 



Vcc - Vd 

(here, the V D is a forward voltage 
of externally connected V D .) 



Precautions for use 

1. Care must be taken not to connect the discharge pin 
(pin ©, ®) directly to V C c- Such connection causes 
short circuit of V C c and GND through a discharge tran- 
sistor (built into the device) and may destroy the inte- 
grated circuit. 

2. Connect the reset pin (pin ®, ©) to V CC) if not used. 

3. A capacitor connected to a recerence voltage pin (pin (D 
, ®) functions as the noise filter. Choose appropriate 
capacitance according to the noise induced. 
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MITSUBISHI LINEAR ICs 

MS2051P 



SINGLE TIMER 



DESCRIPTION 

The M52051P is a semiconductor integrated circuit de- 
signed to produce an accurate timing pulse and time delay. 
The delay time can be set from microseconds through mi- 
nutes by an externally connected resistor and capacitor. 

In an astable multivibrator, the maximum frequency is 
1MHz. 

The reset voltage is 1.4V typ. (T a =25°C), and compatible 
with TTL level. 

FEATURES 

• Timing from microseconds through minutes 

• Wide range of usage as monostable or astable 
multivibrators 

• Maximum oscillation frequency 1MHz 

• Reset voltage is compatible with TTL level 

• Built-in supply voltage reset circuit for setting the output 
in the low state, when power is supplied 



APPLICATION 

Monostable multivibrator, 
modulation. 



astable multivibrator, pulsewidth 



PIN CONFIGURATION (TOP VIEW) 



GND [T 
TRIGGER \J 
OUTPUT [T 
RESET [T 



8 

en 



U V cc 

7] DISCHARGE 
|] THRESHOLD 
REFERENCE 



I VOLTAGE 




RECOMMENDED OPERATING CONDITIONS 

Supply voltage range 4.5- 



-5.5V 



8-pin molded plastic DIP 
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MITSUBISHI LINEAR ICs 

M52051P 



SINGLE TIMER 



ABSOLUTE MAXIMUM RATINGS (T a =25°C, unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


V cc 


Supply voltage 




5.5 


V 


lo 


Output current 




10 


mA 


Pd 


Power dissipation 




625 


mW 


K 0 


Thermal derating 


T a ^25°C 


6. 25 


mW/°C 


Topr 


Operating temperature 




-20 — h75 


°C 


T stg 


Storage temperature 




-40-+125 


°C 



ELECTRICAL CHARACTERISTICS (T a =25°C, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


Vcc 


Supply voltage 




4.5 




5.5 


V 


'cc 


Circuit current 


Vcc=5V, R L =oo 


6.0 


11.0 


16.0 


mA 


V REF 


Reference voltage 


V C c=5V 


3.0 


3. 33 


3.7 


V 


Vth 


Threshold voltage 


V CC =5V 


3.0 


3. 33 


3.7 


V 


«TH 


Threshold current 






2.0 


20 


M A 


V T 


Trigger voltage 


V CC =5V 


1.4 


1.67 


2.0 


V 


't 


Trigger current 






4.0 


40 


M A 


V r 


Reset voltage 




1.0 


1.4 


2.0 


V 


Ir 


Reset current 






4.0 


40 


juA 


Vol 


Low output voltage 


V CC =5V, l s ink=5mA 




0.3 


0.5 


V 


Voh 


High output voltage 


V C c— 5V, l S ource=10mA 


2.2 


2.7 




V 


fmax 


Maximum operating frequency 




1 






MHz 


Ra 


Resistance range for timing setting 


Monostable multivibrator 


0.5 




100 


kQ 


R a +2R b 


Astable multivibrator 


1 




100 


kQ 


c A 


Capacitance range for timing setting 




3.3X10" 4 




100 
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MITSUBISHI LINEAR ICs 

M52051P 



SINGLE TIMER 



TYPICAL CHARACTERISTICS (T a =25°C, unless otherwise noted) 

THERMAL DERATING (MAXIMUM RATING) 

1000r 



800 



Z 600 
O 

< 

Q. 

C/> 400 
<J) 

Q 

QC 

W 200 

O 
a. 



0 25 50 75 100 125 
AMBIENT TEMPERATURE T a (°C) 



DELAY TIME VS. TIMING RESISTOR, 
CAPACITANCE 



10° 

10- 1 

CO 

* 10-2 

5 10' 3 

< 10" 4 

Hi 

Q 
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10~ r 



td%1. 


1Ra-C 


'A 


























w 











































10" 4 10" 3 10~ 2 10" 1 10° 10 1 10 2 
CAPACITOR T A (juF) 



FREE RUNNING FREQUENCY VS. 
TIMING RESISTOR, CAPACITOR 



CIRCUIT CURRENT VS. SUPPLY VOLTAGE 
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10 2 

10 1 
10° 









„ 1.44 




a+2R b )C a 








> 
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V 
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MITSUBISHI LINEAR ICs 

M52051P 



PIN DESCRIPTION 

1. Trigger pin (Pin ®) 

When the voltage at the trigger pin is reduced to low- 
er than 1/3Vcc» timing operation is started. Once trig- 
gered, the voltage is not affected during operation by 
the trigger voltage. 

2. Output pin (Pin ©) 

Logic output level is normally in the low state but is in 
the high state during timing operation. The output cir- 
cuit is shaped like a totem-pole and withstands max- 
imum load current of 10mA. The circuit can directly 
drive the TTL or DTL circuits. 

3. Reset pin (Pin ®) 

Timing operation can be interrupted by applying tt}e 
reset signal to a reset pin. (The voltage at this pin 
must be less than 1.4V). 

If the reset signal is applied, the output is in the low 
state and the reset condition is maintained as long as 
the signal is applied. The output stays in the low state 
until the reset signal is removed and the set signal 
(trigger signal at a trigger pin) is applied. Connect 
this pin to V cc if not used. 



APPLICATION EXAMPLE 

(1) Delay timer 

(monostable multivibrator) 




DELAY TIME 
td = 1. 1R A C A 



PRECAUTIONS FOR USE 

1. Care must be taken not to connect the discharge pin 
(Pin ©) directly to V C c- Such connection causes short 
circuit of V C c and GND through a discharge transistor 
(built into the device) and may destroy the integrated 
circuit. 



SINGLE TIMER 



4. Reference voltage pin (pin ©) 

The voltage at this pin is normally set at 2/3V C c- By 
applying reference voltage, delay time or oscillation 
frequency can be changed. The control signal for 
pulsewidth modulation is applied through this pin. 
Connect a capacitor of 0.01 F between this pin and 
GND as the noise filter, if the pin is not used. 

5. Threshold pin (Pin ©) 

The delay time is determined by CR time constants 
connected to this pin. The delay time of a monostable 
multivibrator td is expressed by the equation td 

1.1R A C A . 

6. Discharge pin (Pin ®) 

The timing capacitor discharges at this pin. The de- 
scharge is enabled when a flip flop in the device is 
ON and the reset signal is applied. In a monostable 
multivibrator, the capacitor is connected to Pin ©. 



(2) Pulse oscillator 

(astable multivibrator) 




FREE RUNNING 
FREQUENCY 
f=1.44/(R A +2R B )C A 
DUTY CYCLE 
D=R B /(R A +R B ) 



2. Connect the reset pin (Pin ®) to V C c. if not used. 

3. A capacitor connected to a reference voltage pin (Pin 
©) functions as the noise filter. Choose appropriate 
capacitance according to the noise induced. The 
M51843P is recommended for use in an environment 
where the noise causes misoperation. 
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MITSUBISHI LINEAR ICs 

M51849L 

COUNTER TIMER 



DESCRIPTION 

The M51849L is a semiconductor integrated circuit de- 
signed for controller of long time delay, consisting of 11 
stage divider by ML. The time base period of oscillator is 
extended 1024 times, determing by the 11 stage divider by 
ML, and the maximum output period is 50 hours. 

FEATURES 

• Timing from 100ms through 50 hr 

• High current output can sink 30mA(peak) 

• Built-in stabilization zener 

• Built-in power on reset 



APPLICATION 

• Precision timing, time delay generation, 
frequency oscillator 



Ultra-low- 



RECOMMENDED OPERATING CONDITIONS 

Supply voltage 5V~V z (V 2 =pin® Zener voltage) 

Rated supply voltage 6V±10% 



PIN CONFIGURATION (TOP VIEW) 


RESET [7 






OSCILLATION STOP CONTROL |T 






CR INPUt[T 
REFERENCE VOLTAGe[T 


M51 




gnd[T 


00 
CO 




VccU 


r - 




STABILIZING ZENER [7 






OUTPUT [T 












8-pin molded plastic SIP 



BLOCK DIAGRAM 



REFERENCE 
VOLTAGE 



GND STABILIZATION ZENER V, 

-0 (7) Ce 



OSCILLATOR 




<2> 



OSCILILATION STOP CONTROL 



POWER ON 
RESET 
CIRCUIT 



o 




FF1 
R 




FF2 
R 




FF10 
R 




FF11 
R 














OUTPUT^ 
1 STAGE^ 



8 ) OUTPUT 



-0- 

RESET 
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MITSUBISHI LINEAR ICs 

M51849L 



COUNTER TIMER 



ABSOLUTE MAXIMUM RATINGS (T a =25C, unless oterwise noted) 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


Vcc 


Supply voltage 




7.0 


V 


l Z 


Zener current 




20 


mA 


lo 


Output sink current 




30 


mA 


Pd 


Power dissipation 




360 


mW 


K e 


Thermal derating 


T a ^25°C 


3.6 


mW/°C 


Topr 


Operating temperature 




0-+60 


°C 


Tstg 


Storage temperature 




-40 — H25 


°C 



ELECTRICAL CHARACTERISTICS (T a -25r, V CC =6V unless otherwise noted) 



Symbol 


Parameter 


Test conditton 


Limits 


Unit 


Min 


Typ 


Max 


Ice 


Circuit current 


V cc =6. OV 




3.5 


6.0 


mA 


v 2 


Zener voltage 


l z =1mA 


6.0 


6.4 


6.8 


V 


v R 


Reset voltage 






1.5 


1.8 


V 


Ir 


Reset current 






0.1 




mA 


V OS 


Oscillation stop voltage 






1.6 


1.9 


V 


•os 


Oscillation stop input current 






0.1 




mA 


VqH 


High output voltage 


lsouRSE = 10mA 


4.6 


4.5 




V 


V OL 


Low output voltage 


lsiNK=10mA 




0.2 


0.6 


V 
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MITSUBISHI LINEAR ICs 

M51849L 



COUNTER TIMER 



TYPICAL CHARACTERISTICS (T a =25 0 C, unless otherw.se noted) 

THERMAL DERATING 
(MAXIMUM RATING) 
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MITSUBISHI LINEAR ICs 

M51849L 



COUNTER TIMER 



PIN DESCRIPTION 

1. Reset pin (pin®) 

This pin is used to stop counter operation. If the pin is in 
the high state, the counter is cleared and oscillation is 
stopped. Connect this pin to GND, if not used. 

2. Oscillation stop control pin (pin ®) 

If the pin is in the high state, the oscillation stops. But the 
status of counter is not maintained, and therefore, if the 
pin is reset to the low state, timing operation is resumed. 
Connect the pin to GND, if not used. 

3. CR input pin (pin ®) 

The capacitor C T and resistor R T are connected to this 
pin. The oscillation period is given in the following equa- 
tion. The resistor R T should be 1kH or above. 

4. Reference voltage pin (pin ®) 

The highest voltage for the oscillation level is supplied at 
this pin. The voltage should be set at approximately 2/3 



V C c by a variable resistor or resistor division (R 1f R 2 ) . 
The capacitor C T is corrected by minutely adjusting this 
voltage by a variable resistor. The voltage can be set be- 
tween 0.4V to 0.8V. The oscillator may not function if the 
voltage is outside this range. 

5. Stabilization zener pin (pin ®) 

A zener diode of approximately 6.4V is connected be- 
tween this pin and pin ® (GND). Set the resistance so 
that the zener current is 5mA. 

6. Output pin (pin ®) 

The output voltage changes from the low state to the 
high state when the oscillation period is 1024 times of T 0 , 
and the voltage returns from the high state to the low 
state when the period is 2048 times for one cycle. The 
voltage can sink or source up to 10mA(typ.). Care must 
be taken in power supply variation in the integrated cir- 
cuit when the output load current is large. 



APPLICATION EXAMPLE 

Monostable operation 



M51849L 



U UJ UJ 



I 



FTTH 



i — t t — j. + 

I Ri l R 2 



AO/u 



5.1k 



1.2k 

- j vw- 



-O OTTPUT 



OUTPUT WAVEFORM 



-Q12V 



The delay time in the above application example is given by : 
T D ==900C T -R T (sec) 

The timing resistor R T should be 1 kfl or above 



Precautions for use 

1. CR input pin (pin ®) must not be directly connected to 
V C c to avoid destruction of the integrated circuit . 

2. The voltage at the reference voltage pin (pin®) should 
be set between 0.4V to 0.8V. The oscillator may not 
function if the voltage is outside this range. 



3. This integrated operates at ultra-low supply voltage. 
Therefore it is very sensitive to external noise and is 
subject to misoperation. 

A capacitor must be connected near the V C c pin (pin 
©) to avoid noise. 

4. The specifications are subject to change. 



A MITSUBISHI 
ELECTRIC 



5-27 



MITSUBISHI LSIs 

M58479P/M58482P 



CMOS COUNTER/TIMERS 



DESCRIPTION 

The M58479P and M58482P are electronic timer ICs 
developed by aluminum-gate CMOS technology. Use of 
these ICs makes possible timer devices without mechanical 
elements, which have reduced power dissipation, superior 
reliability, and higher noise immunity. The M58479P is 
specifically designed for high noise immunity , while the 
M58482P particularly features low power dissipation. 

FEATURES 

• Low power dissipation 

M58479P: 2mW (typ.), 7.5mW (max.) 
M58482P: 200/zW (typ.), 7507/W (max.) 
Superior noise immunity 
Single power supply with a zenor diode 
Internal RC oscillator 

Precise oscillation frequency regulating capability 
Extremely broad time-delay range (50ms~4800h) 
Time-delay settableto 10, 60, or 600times fundamental 
time (1024 times oscillation period) 
M58479P has automatic-reset function during power 
engagement 

Built-in reset and inhibit functions 
Residual time display possible by adding Mitsubishi's 
M53290P and M53242P IC 



APPLICATION 

• Electronic timer or counter with broad time-delay range 
(50ms~4800h) 



PIN CONFIGURATION (TOP VIEW) 



(0V ) Vss 

SClLL§lSl5 
: REQUENCY 
)JUSTMENT 



E 
-EE 
-E 
-E 

-E 

RESET INPUT RESET -*{T 

E 



PRECISE 
0 f S r C F '^« ADJ 
ADJI 

0S1 
OS2 
0S3 



OSCILLATION 
INPUT/ 
OUTPUTS 



2 £ 

00 Q 00 

00 *-J 
ISO CD 



~9V:M58479P\ 
9V:M58482P/' 



3 Vdd ( 7 3 4 
13] ZD ZENOR DIODE 

71]-* out 2 > outputs 
7o]-»>outi^ 

U^D 2 
3*-D 1 



Outline 14P4 



FUNCTIONAL DESCRIPTION 

These devices make possible extremely long clock perform- 
ance, by counting pulse signals from the RC oscillator. It 
has precise oscillation frequency adjustment, automatic- 
reset, reset, and inhibit functions. 

There are three outputs. When the time duration is up, 
0UT1 turns from low to high and OUT2 from high to low. 
OUT3 can be connected to M53290P and M53242PTTLs 
for residual time display. 



BLOCK DIAGRAM 



OSCILLATION 
INPUT/OUTPUTS 



PRECISE 
OSCILLATION A . 
FREQUENCY ADJ 
ADJUSTMENT 



DIVIDING RATIO SELECTIVE INPUT 
FOR COUNTER 




INHIBIT 
INPUT 



i^)Vdd 9 V:M58479P\ 

^ 1 3 - 9 V :M58482P/ 

Ovss (ov) 



ZD ZENOR DIODE 
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ABSOLUTE MAXIMUM RATINGS 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


Vdd 


Supply voltage 


With respect to V ss 


-0.3-9.5 


V 


Vi 


Input voltage 


Vss^Vi^Vdd 


V 


Pd 


Maximum power dissipation 


Ta=25°C 


250 


mW 


Topr 


Operating free-air temperature range 




-30-75 


°C 


Tstg 


Storage temperature range 




-40-125 


°C 



RECOMMENDED OPERATING CONDITIONS <Ta = -30-75-C. unless otherwise noted) 



Symbol 


Parameter 


Limits 


Unit 




Mm 


Typ 


Max 


Vdd 


Supply voltage 


M58479P 


7.4 




9 


V 


M58482P 


3 




9 


V 


I ZD 


Zenor current 






10 


mA 


RFC 


Feedback resistance 


0.005 




10 


MQ 


Cfc 


Oscillation capacitance 


0.001 




1 




Rfc 


Resistance for fine-adjustment of oscillation frequency 


0 




100 


kQ 


V| H 


High-level input voltage, RESET, INH, D, , D 2 


0.7XV DD 


Vdd 


Vdd 


V 


V|L 


Low-level input voltage, RESET, INH, D, , D 2 


0 


0 


0.3XV DD 


V 


ELECTRICAL CHARACTERISTICS (Ta = 25°C, unless otherwise noted) 




Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Mm 


Typ 


Max 


Vzd 


Zenor voltage 


l ZD =2mA 


7.4 


8.2 


9 


V 


'ZD^ 10mA 


7.5 


8.2 


9 


V 


Idd 


Supply current 


M58479P 


Vqd = 7.5V, C F c = 0-0 1 mF .Rfc=1M^ 
RaDJ = 0^ < Input/output open 




0.25 


1 


mA 


M58482P 


Vdd = 7.5V.C F c = 0-01^F.Rfc=1MQ 
RadJ = 0^- Input/output open 




25 


100 


MA 


Vr E 


Supply voltage at the time of 
automatic-reset release 


M58479P 




3 1 




5.4 


V 


Vtr 


Transition voltage of first inverter in the oscillator 


V D D = 7 5V. RadJ = 0Q 


2 9 




4.8 


V 


Ri 


Pull-up resistance RESET INH D1 D2 
inputs 


M58479P 




10 


20 


30 


kQ 


M58482P 




25 


50 


75 


I OH 


High-level output current OUT1 and OUT2 outputs 


V D d^7.5V. Vo = 0V 


-5 


-10 




mA 


lOL 


Low-level output current OUT1 OUT2 and OUT3 outputs 


Vdd^? 5V. V0 = 7.5V 


10 


20 




mA 


IOZH 


Off-state output current OUT3 output 


V D D=7.5V. V0-7.5V 






1 


^A 


lOL 


Low-level output current OUT1 OUT2 and OUT3 outputs 


V D D=7.5V. Vo=0.4V 


1 .6 






mA 


lOL 


Low- level output current' OUT1 OUT2 and 
OUT3 outputs 


M58482P 


V D D=4 5V. Vo = 0 4V 


1 .6 






mA 


Vol 


Low level output voltage OUT1 OUT2 and OUT3 outputs 


V D D=7.5V 






0.1 


V 
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FUNCTIONAL DESCRIPTION 

Voltage Regulator 

A zenor diode is on-chip, making it easy to obtain a 
constant voltage regulator circuit. Since the zenor diode 
terminal (ZD) is independent of the power terminal (V DD ), 
it can be used as a constant voltage power supply for the 
total system. 
Oscillator 

Oscillation is obtained by connecting an external resistor 
(feedback resistor R FC ) between terminals OS1 and OS3 
and an external ' capacitor (oscillation capacitor C FC ) 
between terminals OS1 and OS2. The values of the external 
resistor and capacitor can then be changed to vary the 
oscillation period and thus change the time delay. Oscilla- 
tion period T 0 is obtained by the following equation: 

To = -Rpc-C FC {ln-^- + ln^V^l 
v Vdd+Vbe Vdd + v be ) 

Where, 

R F c : Resistance of external resistor 

C FC : Capacitance of external capacitor 

V TR : Transition voltage of the first inverter in the 

oscillation circuit 
V DD : Supply voltage 

V BE : Forward rising voltage of the diode in terminal 
OS1 (0.3-0.7V) 
Automatic-Reset Function 

The M58479Phasa power-supply voltage-detection circuit 
on-chip, so that the counter is automatically reset by the 
•rising edge of the supply voltage when power is turned on. 
The reset is then released, making the oscillator ready to 
function and trie-counter ready to start counting. 

The M58482P can also be provided with the same 
automatic-reset function by connecting capacitor between 
terminals RESET and V ss . 
Reset Function 

When the RESET input turns low (V S sK oscillation of the 
oscillator can be stopped and the counter reset. 
Inhibit Function 

When terminal INH turns low (Vss) while the timer is in 
action, the oscillation halts. When input INH is turned high 
or returned to OPEN afterwards, it starts to count residual 
time. 



Counter 

This counter consists of an 11-stage 1/2 frequency divider, 
a 2-stage 1/10 frequency divider and a 1 -stage 1/6 frequency 
divider. As shown in the table below, timer duration can be 
changed by varying the number of pulses counted according 
to the combination of the input levels on terminals D1 and 
D2. 



D1 


D2 


Number of pulses 
counted 


Time delay 


Typical time 
delay applied 


H 


H 


1024 


Ti 


1 mm 


L 


H 


1024X 10 


T^ X10 


10min 


H 


L 


1024X 10X6 


Ti x 10X6 


1h 


L 


L 


1024X10X6 X 10 


T-\ X 10X6 X10 


10h 



Where, Ti =T 0 X 1024 



To is the value obtained from equation (1) 

Output Circuits 

The chips have three outputs: OUT1 changes from low to 
high and OUT2 from high to low as soon as the time 
duration is up. Either can be used to drive a transistor by 
connecting it to the transistor base. OUT1 can drive a 
thyristor when connected to the thyristor gate. 

OUT3 is an open-drain output with period 1/8 of the 
time delay, and can be used to drive a TTL in a separate 
(5V) power supply line. Thus, if a M53290P counter and a 
M53242P binary-to-decimal decoder are connected to 
OUT3, with their output connected to a light-emitting 
diode, residual time will be displayed on the LED. When 
not in use, OUT3 should be connected to V ss . 
Fine Adjustment of Oscillation Period 
A variable resistor can be connected between terminals 
ADJ and V ss , enabling precise adjustment of the period of 
the oscillator. However, when not used for fine adjustment, 
ADJ should be connected to V S s- 
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TYPICAL CHARACTERISTICS (T a =25°C, unless otherwise noted) 
See " 9. ELECTRICAL CHARACTERISTICS" for absolute values 
Ioh-Vqh (OUT1 , OUT 2) 



Ioh-Vql (OUT1 , OUT 2, OUT 3) 



o 

3 



ZD 

o 




o 

_J 

LU 

> 



O 




HIGH LEVEL OUTPUT VOLTAGE V OH (V) 



LOW LEVEL OUTPUT VOLTAGE V OL (V) 



loH-Ta (OUT 1 , OUT 2 ) V 0H = 0 V 



D 
O 



3 

o 



X 




O 



o 



o 



loL-Ta (OUT1 , OUT 2, OUT 3) 
V OL =V DD 



















^Vdd= 


=9.0V 










V DD = 


=7. 5V 








V DD 


=4.5V 


M584* 


2P onl; 


f 















AMBIENT TEMPERATURE T a (°C) 



-40 -20 0 20 40 60 80 
AMBIENT TEMPERATURE T a (°C) 



DC 
DC 
D 
O 



o 



o 



loL-T a (OUT1 , OUT 2, OUT 3) 
V OL =0. 4V 



Izd V z 































































v DD = 

V DD = 


9 0V 
=7.5V 












M5 


^dd^4.5V 
J482P only 



40 -20 0 20 40 60 80 

AMBIENT TEMPERATURE T a (°C) 



< 

E 



O 
cc 

LU 
Z 
LU 
N 



I 

TaTa Ta T a T a 

II II II II II 
-20°C0°C20 o C40°C60°C 


M 









ZENER VOLTAGE V ZD (V) 
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t=R FC 




0 1 2 3 4 5 6 7 8 9 10 10k 100k 1M 10M 



SUPPLY VOLTAGE V DD (V) FEEDBACK RESISTANCE R FC (°C) 
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OSCILLATION FREQUENCY 

The oscillation period of M58479P and M58482P are formula- 
rized as follows. 



Fig. 1. V TR VS£n- 



- + £n- 



T 0 — RfcCf 



Urn 



-+£n- 



Vnn-V TI 



en 



'Vdd+Vbe ""Vdd+Vbe* 
The value in ( ) of (1) takes the maximum value at V TR = 
V DD /2. For example, under the condition of V DD = 7. 5V, the 
relation of the V TR and the value in | | is shown in Figure 1 . 

Regarding the Figure 1 , the value in | | of (1) at V DD = 
7.5V is, in a range of V BE =0.3~0.7V and V TR =2. 9~4. 8V, 
-1.647—1.464. 

The oscillation period can be figured out theoretically by 
the (1) formula; however, as 'the oscillation is executed by 
the charge and discharge of R FC , C F c. the correction para- 
meter R FC by the output impedence of OS 2 and OS 3 is 
added in the (1) formula as: 



T 0 =-(Rfc+^Rfc)C f 



Urn 



-+£n 



Vdd-Vt, 



-I (2] 



V dd +Vbe ' V DD +V B 
At this time, the value of the correction parameter A R FC 
will be around 5. 5±2. 5kO. 

For the circuit designing, set the oscillation constant re- 
garding to the above matters. 

TIMER ADJUSTMENT 

Following is the method of adjusting time-delay keeping the 
external resistance R FC and capacitor C FC fixed. 
(1) The method to verify R ADJ value with inserting the para- 
llelly connected R A dj and C A dj into ADJ-VSS 

As described already, the oscillation period To is calcu- 
lated with (1) formula, as the relation of V TR and the minimum 
value when V TR =V DD /2. This means the To can be varied by 
changing the V TR value. This method is performed by adjust- 
ing the time-delay by the V TR . 

The ADJ is connected to a N-Channel-FET source of the 
first inverter of oscillator as Figure 3 illustrates. When the pa- 
rallelly connected resistance R ADJ and capacitance C ADJ are 
inserted between ADJ and V ss and the R AD j changes its 
value, the voltage of the ADJ varies by the current in the 
Radj. and this results the change of V TR . 

As the R ADJ value gets larger, the value of the V TR is in- 
creased from that at R AD j = 0n. The value of V TR at R AD j = 0 
f2 is in the range of 2. 9 — 4. 8V(V DD = 7. 5V) . Therefore, as 
Figure 2 indicates, the variation way and the variation rate of 
the oscillation period To when the resistance R ADJ gets lar- 
ger are found according to the V TR value at R AD j = 0n and 
are not constant. 

The capacitance C ADJ to be parallelly inserted into the 
resistance R ADJ has a function of making a variation rate of 
the To toward R ADJ large. 

On the resistance R ADJ and the capacitance C ADJ , please 
follow the ranges below. 

RADj=0~100kn 

C AD j=100~1000pF 

When the ADJ is not used for the oscillation period 
adjustment, short to the V ss - 



V dd +Vbe ' * V dd +Vbe 
TRANSITION VOLTAGE OF FIRST 
INVERTER IN THE OSCILLATOR 




2.5 3.0 3.5 4.0 4.5 5.0 



Fig. 2. Oscillation period (T Q ) VS Transition Voltage (V TR ) 



z 

o 



To min 




Vdd/2 

TRANSITION VOLTAGE (V TR ) 



Fig.3 External connection diagram of oscillation 
frequency adjustment method (1) 
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(2) The method to verify resistance R B value with inserting 
the resistance R B and capacitance C B connected in series 
between OS 1 and OS 2 . 

The oscillation period To is found by the same method as 
the (1) formula in principle, but a little more complicated 

In principle, the variation way, and the variation rate of 
the oscillation period To with the resistance R B are constant, 
and not be different by process parameter (V TR etc). 

Figure 4 illustrates the external connection diagram of re- 
sistances R FC , R B and capacitance C FC , C B . In addition, the 
Figure 5 shows the relation of the time-delay T (=T 0 x 1024) 
with R B at C FC =C B , Rfc = 1 Mfl, and the time-delay varia- 
tion rate AT at R B = 250kD . As shown in Figure 6, the To 
takes the maximum value near R B =250kf2 according to 
C FC =C B =10 3 , 10 4 , 10 5 pF. 

The change of the time-delay T with the resistance R FC 
keeping the R B constant will take poor linearity as the value 
of R B increases. Therefore, try to keep the resistance R B in 
a range of 0 ~ 150kf). 

For that, take the R B =50kft first and change its value in 
the range of 0 ~150kf2 to adjust the time-delay at the max- 
imum value of R FC , so the adjustment of ± 7% becomes 
possible. 




Fig. 4. External connection diagram of oscillation 
frequency adjustment method (2) 



Fig. 5. (a) R B -T (Method 2 ) 
C FC =C B =10 3 pF 
R FC ="lMfi 

ADJ is shorted with V ss 



Fig. 5. (b)R B -T( Method 2) 
C FC =C B =10 4 pF 
R FC = 1 MH 
ADJ is shorted with V< 
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r b (Ma) 



POWER-ON RESET FUNCTION 

(1) M58479P 

The power-on reset function will start when the power is 
on since the M58479P builts the supply voltage detection cir- 
cuit in it; however, it is necessary to keep the rising time of 
power (tr) more than 1 ms as shown below. 



"Time 



(2) M58482P 

The power-on reset function will start by inserting the 
capacitance between the RESET and V S s when the power is 
on as same as the M58479P. In order to have an accurate 
performance on the power-on reset function, keep t RESET 
over 1 msec on the condition of 

Vreset ^0* 3 x Vqd when Vdd 

is over 2 V, as illustrated below. 



V DD 




■0 3XV DD 



In case the power is on again after it is off and the vol- 
tage of RESET 

Vreset is not perfectly down, the Ireset rnust 
be also kept in over 1msec, which was mentioned in the 
above diagram. When the prescribed condition is not satis- 
fied, add the circuit illustrated below to the RESET and make 
the power-on reset function accurately. In this case, make 
sure to select an external capacitance to satisfy the V RESE t^ 
1 msec. 



-e-(+) v DD 




V DD 


RESET 


M58482P 


v 


5S 
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APPLICATION CIRCUITS 

(1) Use of AC supply 



AC 
100V 



JUL 



V DD ZD OUT 1 

M58479P 

VssADJ0S10S20S3 
|1 \2 \i J4 |5 



(2) Use of DC supply 



DC 
12V 



114113 



11 



V DD ZD OUT2 

M58479P 

Vss AD J OS1 OS2 OS3 



3 4 



(3) Use of DC supply (low supply voltage) 




Both M58479P and M58483P build zenor diodes in them 
so that they can adopt AC supply (100V), DC supply (12V) 
according to external circuits. 

If the supply voltage is relatively high, when a power-on 
reset is required without an external circuit, employ the 
M58479P. 

On the other hand, if a low supply voltage or low power 
dissipation is required, or if a power supply with a heavy 
fluctuation on lower voltage is used, employ the M58482P 
(M58479P may have a reset when V DD is below 5. 4V). 



(4) While power is being on, 

A pulse of 50% duty of which period is defined by R F c 
and C F c. is output from OUT 3 . 



(5) While power is being on, 

a (duty changeable) pulse of which a "L" period is 
defined by R FC i, C FC i, and a "H" period is by R FC 2, 
C FC2 , is output from OUT 1 of M58479P/M58482P®. 



Vpp RESET OUT2 OUT3 



M58479P/M58482P 



ADJ OS1 

|2 |3 



OS2 



OS3 



V DD OUT 1 RESET 
M58479P/M58482RJ 

Vss ADJ 0S10S20S3 



Rfci I 

Wv 1 



114 |12 



Vdd OUT2 RESET 
M58479P/M58482P^ 
Vss ADJOS1 0S20S3 
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(6) An example of awake/sleep timer 



TV receiver 




Awake/Sleep 



Awake 0 hrs 3 hrs 



6 hrs 



9 hrs 



12 hrs 



slee P Omins 30 mins 60mins 90 mins 120mins 

, i , | , | , , , — | , | , | , | , ! , | 



JJj 1 ■ i > i ■ I ■ i ■ LJ-j 



O-AAAAAAAAAAAMAAAAAAAAAAAAAAAArO 



OS1 OS2 OS3 



13 14 



ZD V DD 



M58479P 



D2 OUT1 OUT2 ADJ Vss 



TV main power 
ON /OFF 0 ^S>~ 



Timer switch 

-AAA cr^o — o 

DC 
12V 



Awake timer 

TV is ON after the 

timer set ( 0~12hrs) 

Sleep timer 

TV is OFF after the 

timer is set ( 0 ~ 2 hrs) 



Only one M58479P/M58482P is needed to have one switchover for awake/sleep timer 



The application above is just a one example and the 
M58479P/M58482P can be widely used for home entertain- 
ment and industry. 
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(8) Circuit to display a timer in process 



12V 



RFC 4 



RADjjf 



Vss ZD Vdd 



OS1 



OUT3 



0S2 OUT1 
M58479P 

0S3 



ADJ 
INH D1 D2 



RESETp- 
6 



I 



8 



t i 



5V 

-e- 



r 



V 



■— c 

14 



RD(9)1 
RD(9)2 
GND 
M53290P 



Vcc 



Rd(o)i 

RD(0)2 



TbdP: 
A 



9 


8 


14 


13 



Vcc 



M53242P 



GND 



1 2 3 4 5 6 7 

V ? V? v. v. ^" 



MM 



li li 11 



5-38 



A MITSUBISHI 
ELECTRIC 



MITSUBISHI LINEAR ICs 

M51845L 

COUNTER TIMER 



DESCRIPTION 

The M51845L is a semicoducor integrated circuit designed 
for controller of long time delay, consisting of 11 stage di- 
vider by IIL The time base period of oscillator is extended 
by 1024 times, determined by the the 11 stage divider by 
IIL, and the maximum output period is 50 hours. 

FEATURES 

• Timing from 100ms through 50 hr 

• Timing can be set by one resistor and capacitor 

• Built-in IIL divider with low power dissipation 

• Built-in stabilization zener 

• Built-in power on reset 

• Direct drive of Tt L possible 

APPLICATION 

• Precision timer for consumer and home-use equip- 
ments, time delay generation for measuring instruments, 
Ultra-low-frequency oscillator 

RECOMMENDED OPERATNG CONDITIONS 

Supply voltage range 

4.5V~V z (V z =pin® Zener voltage) 

Rated supply voltage ••• 5V±10%(No zener diode used) 
9V, 12V( Stabilization zener diode used) 



PIN CONFIGURATION 

RESET [T 

OSCILLATION STOP CONTROl|T 

cr input[T 
reference voltage[t 
gnd[T 

VccOE 

STABILIZING ZENER [T 
OUTPUT |T 





8-pin molded plastic SIP 



BLOCK DIAGRAM 



STABILIZATION 
GND ZENER 

-® (7) 




OSCILLAION STOP 
CONTROL 



RESET 



OUTPUT 



*1 

Refer to V OH 
because a control 
resistor is built-in 
in the output stage 
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ABSOLUTE MAXIMUM RATINGS (T a =25 0 C, unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


Vcc© 


Supply voltage 




6.5 


V 


lz 


Zener current 




20 


mA 


lo 


Output sink current 




15 


mA 


Pd 


Power dissipation 




360 


mW 


K e 


Thermal derating 


T a ^25°C 


3.6 


mW/°C 


Topr 


Operating temperature 




0 — h60 


°C 


Tstr 


Storage temperature 




-40 — hi 25 


°C 



ELECTRICAL CHARACTERISTICS (T a =25°C, V CC =5V, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


'cc© 


Circuit current at pm(D 


No load t a pin® 




6.5 


9.0 


mA 


V z 


Zener voltage 


l z =1mA 


5.3 


5.8 


6.3 


V 


l|H© 


Input current at pin© 


Pin© voltage 1 =3V 




0.8 


2.3 


mA 


l|L© 


Pin© voltage 1 =0. 4V 






1.0 


juA 


l|H® 


Input current at pm(D 


Pin(D voltage 2=3V 




0.8 


2.3 


mA 


• l|L© 


Pin(D voltage 2=0. 4V 






1.0 


juA 


VoH 


Output voltage 


lsouRCE == 2mA 


2.0 


2. 65 




V 


Vol 


lsiNK = 5mA 




0. 1 


0.4 


V 


f max 


Maximum oscillation frequency 


CR oscillation part 


10 


100 




kH z 



FUNCTION TABLE 



Input conditions 


Operating and output conditions 


RESET 


OSCILLATION STOP CONTROL 


OSCILLATOR 


11 STAGE DIVIDER 


OUTPUT 


H 


H 


STOP 


CLEAR (LOW LEVEL) 


L 


L 


L 


H 


STOP 


MAINTAIN PREVIOUS CONDITION 


MAINTAIN PREVIOUS CONDITION 


L 


OSCILLATION 


COUNT 


COUNT 



H^1.4V, L^0.4V 
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MITSUBISHI LINEAR ICs 

M51845L 



COUNTER TIMER 



TYPICAL CHACTERICS (T a =25°C, unless otherwise noted) 



THERMAL DERATING 
(MAXIMUM RATING) 



" 0 25 50 75 100 125 
AMBIENT TEMPERATURE T a (°C) 



RESISTOR VS. DELAY TIME 




_ 10 4 ~ 



5 

LU 

Q 



1k 3 5 10k 3 5 100k 3 5 1M 3 5 10M 
RESISTOR R T (fl) 



RESISTOR VS. PERIOD 



7 0. 47^ F 




1k 3 5 10k 3 5 100k 3 5 1M 3 5 10M 

RESISTOR R T ( CI ) 



OUTPUT VOTAGE VS. 
OUTPUT SOURCE CURRENT 



V CC = 


=5V 















































































































































































































































0. 1 3 5 7 1 3 5 7 10 

OUTPUT SOURCE CURRENT IsouRcetmA) 



OUTPUT VOLTAGE VS. 
OUTPUT SINK CURRENT 



:> 

o 

> 1 

UJ 7 
CD 5 

< 

s 3 



o 
> 



0.1 

7 
5 

3 



0. 01 



v cc = 


5V 

































































































































































































































































































































































































































































































































































































































































0. 1 3 5 7 1 3 5 7 10 3 5 7 100 

OUTPUT SINK CURRENT l S | NK (mA) 

INPUT CURRENT VS. RESET VOLAGE 
(OR OSCIIATION STOP CONTROL 
VOLTAGE CHARACTERISTICS) 

1000p 



o 



=5 
Q_ 
Z 




RESET VOLTAGE (OR OSCILLATION 
STOP CONTROL VOLTAGE) (V) 
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MITSUBISHI LINEAR ICs 

M51845L 



COUNTER TIMER 



PIN DESCRIPTION 

1. Reset pin (pin©) 

This pin is used to stop counter operation. If the pin is in 
the high state, the counter is cleared and oscillation is 
stopped. Connect this pin to GND, if not used. 

2. Oscillation stop control pin (Pin®) 

If the pin is in the low state, oscillation is enabled and if 
the pin is in the high state, oscillation stops. If the feed- 
back is applied to this pin from the output, the output 
stays in the high state, when it changes from tho low to 
high state. (The function of monostabfe multivibrator is 
obtained.) Connect this pin to GND, if not used. 

3. CR input pin (pin®) 

The capacitor C T and resistor R T are connected to this 
pin. 

The oscillator period To is given in the following equa- 
tion. 

Tn=-rrRT .„ R 1 V CC ~0.6(Ri + R 2 ) 
T ° * CtRT ,n (V C C-1.2)(Ri+F£7 

(The Vcc is pin 6 voltage.) 
The period To given in the equation changes depending 
on the elements. Therefore, a resistor R T must be con- 
nected in serial for fine adjustment if the required setting 
accuracy is ±25%. 



4. Reference voltage pin (pin ®) 

The highest voltage for the oscillation level is supplied at 
this pin. The voltage should be set at approximately 2/3 
Vcc by a variable resistor or resistor division (R 1f R 2 ) 
The capcitor C T is corrected by minutely adjusting this 
voltage by a variable resistor. 

5. Supply voltage pin (pin ©) 

Connect a capacitor (0.1 ju to 10>F depending on the 
noise) between this pin and GND to avoid external noise 
from the power supply. The internal power on reset cir- 
cuit resets the device whenever power is turned on. 

6. Stabilization zener pin (pin ®) 

A zener diode of approximately 5.8V is connected be- 
tween this pin and pin © (GND). Connection of this pin 
to pin © stabilizes power supply of the device and forms 
5V supply voltage regulator with externally connected 
transistors. 

7. Output pin (pin ®) 

The output voltage changes from the low state to high 
State when oscillation period is 1024 times To, and the 
voltage returns from the high state to the low state when 
the period is 2048 times for one cycle. Use oscillation 
stop control pin © to form a monostable multivibrator. 



APPLICATION EXAMPLES 



Ultra-low-frequency oscillator 




OUTPUT 



rm $ 



T 0 rtr 
OSCILLATION h 
WAVEFORM I 

rh ^ 



VvV 012V 



R D 470 

(2) Self-preserving timer 



T=2048T o 
Units 

Resistance '. 0 
Capacitance '. F 



M51845L 



RESET | 
SWITCH" 



ill UJ W Lp 




OUTPUT WAVEFORM 
(PIN®) 



T s =1024T o 
Units 

Resistance H 
Capacitance '. F 
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M51845L 



COUNTER TIMER 



(3) Sleep timer 



M51845L 



UJ UJ LI L*J UJ UJ 



LjJ l|l l^J LjJ Ljd 



SRIFM 

RELAY 



I 



10/^ 



8 




Rd 470 / + 
DC12V 2 



OUTPUT 



T s =1024T o 
Units 

Resistance : CI 
Capacitance ' F 



AC100V 



Precautions for use 

1. CR input pin (pin(D) must not be directly connected to 
V C c to avoid destruction of the integrated circuit. 

2. The voltage at the reference voltage pin (pin®) should 
be set to less than 3.5V. If it reaches 3.5V or above, the 
oscillator may not function. 

3. This integrated circuit consisting of a divider by IIL and 
gate circuit operates at low supply voltages. 
Therefore it is extremely sensitive to external noise and 
is subject to misoperation. Care should be taken to the 
following items. 

1 ) Place the device away from any electromagnetic noise 
generaor or protect it with a shield wire. 

2) A capacitor must be connected near the V C c pin (pin 
©) to avoid noise. 

4. V 0 h changes according to load because output current 
control resistor varies depending on the load. Therefore, 
if the high output current is required, an external output 
transistor or the M51849L must be used. 



5. The minimum resistance for timing resistor R T is 7k Cl 
Use the M51849L to have a wide variable range of the 
timing resistor. 

As an improved version of the M51845L, the M51849L 
has superior characteristics in following, 
(compatible in pin configuration) 

1. Large output current (l OH is approximately 10mA m ax) 

2. A timing resistor can be set by a wide range of resist- 
ance. (R Tm in=1kn) 

3. Excellent temperature stability for timer setting 
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MOTOR DRIVER 



QUICK REFERENCE TABLE OF MOTOR DRIVERS 



Appli- 
cation 






Speed 
control 
method 


Function 




Supply 
voltage 
range 


Maximum ratings 




Type No. 


Applicable motor 


FG input 
circuit 


Hall amplifier 
gain 


Motor drive 
transistor 


Features 


Output 
current 


Power 
dissipation 


Package 
outline 




M51722P, FP 


DC motor with FG 


Sample and 
hold 


PNP input operational 
amplifier 




External 


• Built-in multiplexer 

• Built-in FG amplifier 


10V 


12mA 


770mW 
430mW 


16-pin DIP 
16-pin FLAT 




M51723P, FP 


DC motor with FG 


Sample and 
hold 


PNP input voltage 
comparator 




External 


• Voltage/current outputs possible 

• Start/ stop 


20V 


6mA 


770mW 
430mW 


16-pin DIP 

1 C CI AT" 

ib-pin FLAT 


o 
5 


M51728L,FP 


DC motor with FG 


PLL 


NPN input voltage 
comparator 


- 


External 


• Built-in zener diode 

(supply voltage clamp~6. 9V) 

• Regulation against load Null 


- 


2mA 


700mW 
350mW 


8-pin SIP 
8- pin FLAT 


Speed cc 


M5T970L 


DC motor with FG 


Integration 


PNP input voltage 
comparator 


- 


External 


• Supply voltage regulation 

±0.1% typ. 

• Load regulation ±0. 1 % typ. 

• Temperature coefficient of revolution 

±10ppm/°C typ. 


2.5—18V 


40mA 


550mW 


8-pin SIP 




M51971L, FP 


DC motor with FG 


Integration 


PNP input operational 
amplifier 


— 


External 


• Supply voltage regulation 

±0. 005%/V typ. 

• Load regulation ±0. 01 % typ. 

('full Inari) 

• Temperature coefficient of revolution 

7ppm/°C typ. 


4—17. 5V 


20mA 


880mW 
450mW 


10-pin SIP 

1fi-r»in PI AT 
1 \j pin r 1 




M51712P,SP,FP 


3-phase hall motor 


- 


- 


40dB 


Built-in 


• Low noise, low torque ripple due to 
linear drive 


26V 


1.2A 


2. IW 
2. 0W 
1.2W 


28-pin DIP I 
28-pin shrink DIP 
36-pin FLAT 1 


»r driver 


tjci -71 q r> 

MD 1 /lyr' 


1 -phase hall motor 




PNP input operational 
amplifier 


- 


Built-in 


• Low cost system possible with a 
single sensor 

• Build-in FG amplifier 


7V 
26V 


1.5A 


2. 5W 


ID pin Ulr' I 


II mote 


M51724P, FP 


3-phase hall motor 




— 


— 


External 


• Balanced current distribution 


20V 


10mA 


900mW 
540mW 


1R— i-»ir» HID 

ID pin Ulr' 
16-pin FLAT 


CO 

I 


M51718FP 


3-phase hall motor 








External 


• Designed for low power dissipation 
and low voltage 

• Applicable to both spindle and 
access motor 

• F/R, start/stop 


7V 
16V 


25mA 


650mW 


24-pin FLAT 


Speedup ontrol 
Hall motor driver 


M51781SP, FP 


2-phase hall motor 
with FG 


Sample and 
hold 


PNP input operational 
amplifier 




Built-in 


• Current drive (low W/F) 

• F/R 


18V 


1.2A 


2. dw 

1.2W 


32-pin shrink DIP 
36-pin FLAT 


M51785P, FP 


3-phase hall motor 
with FG 


Digital servo 


PNP input operational 
amplifier 




Built-in 


• Voltage drive (high speed response) 

• Adjustment free 


I5V 


1.2A 


3. 0W 
1.2W 


32-pin shrink DIP 
36-pin FLAT | 



QUICK REFERENCE TABLE OF MOTOR DRIVERS 



Q.2 

< o 



Type No. 


Package outline 


Speed 


Additional function 


Features 


Maximum ratings 


Supply 
voltage 


Output current 


Power 
dissipation 


Brake 


Thermal 
shut down 


Continuous 


Peak 


M51714P 


16-pin DIP 


4 


o 




2 bi-directional motor drive 


400mA 


1.2A 


2. 5W 


5— 25 V 


M 54540 A L 


8-pin SIP 


1 






Small mounting space 


100mA 


0. 6A 


0. 8W 


6—1 1V 


M54541 L 


9-pin power SIP 


1 






Built-in clamp diode 


200mA 


0. 8A 


0. 9W 


6—1 5V 


M 54542 L 


9-pin power SIP 


1 






High current drive 


300mA 


1.2A 


LOW 


6— 15V 


M 54543 L 


9-pin power SIP 


1 


o 




Low output saturation voltage 


300mA 


1.2A 


1. 15W 


4—1 5V 


M 54543 A L 


9-pin power SIP 


1 


o 


o 


Low power dissipation 


300mA 


1.5A 


1.15W 


4— 15V 


M54544L 


9-pin power SIP 


1 


o 




Low output saturation voltage 


300mA 


1.2A 


1.15W 


4— 15V 


M54544AL 


9-pin power SIP 


1 


o 


o 


Low power dissipation 


300mA 


1.5A 


1.15W 


4— 15V 


M54545L 


9-pin power SIP 


1 


o 




Low power dissipation 


300mA 


1.2A 


1.15W 


3— 15V 


M54546L 


10-pin SIP 


1 


o 




Small mounting space 


100mA 


0. 7A 


0. 6W 


4— 15V 


M54547P 


16-pin DIP 


1 


o 




Built-in operational amplifier, transistor array 


100mA 


0. 6A 


1.06W 


4— 15V 


M54548L 


12-pin power SIP 


1 


o 




Built-in operational amplifier for output voltage control 


300mA 


1.2A 


1.2W 


4— 16V 


M54548AL 


12-pin power SIP shrink 


1 


o 




The M54548L equivalent in shrink package 


300mA 


1.2A 


1. 1W 


4— 16V 


M54549L 


12-pin power SIP 




o 


o 


2 motor drive 


300mA 


2A 


1.2W 


4— 16V 


M54549AL 


12-pin SIP 


1 


o 


o 


The M54549L equivalent in small package 


100mA 


0. 8A 


0. 83W 


4— 16V 


M54640P 


16-pin DIP 


1 


o 


o 


Bipolar stepper motor drive with chopper control 




1A 


1.2W 


4. 75~5. 25V 


M54641 L 


8-pm SIP 


1 


o 


o 


Small mounting space 


150mA 


0. 8A 


0. 58W 


4— 10V 


M54642L 


10-pin SIP 




o 


o 


Small mounting space 


150mA 


0. 8A 


0. 58W 


4 — 1 0V 


M54643L 


10-pin SIP 




o 


o 


Low output satulation voltage by externally PNP transistors 


200mA 


0. 8A 


0. 7W 


4— 16V 


M54644BL 


9-pin power SIP 




O j 


o 


Small control current 


600mA 


2A 


1.15W 


4-1 6V 


M54648L 


12-pin power SIP 




o 


o 


The M54548L equivalent of 3A output 


300mA 


3A 


1.1W 


4— 18V 


M54648AL 


12-pin power SIP shrmk 




o 


o 


The M54648L equivalent in shrink package 


300mA 


3A 


1.1W 


4— 18V 


M54649L 


10-pin SIP 


2 


o 


o 


Small package for 2 motor drive 


600mA 


1.6A 


0. 7W 


4— 18V 




12-pmSIP 16-pin DIP 16-pin FLAT 24-pin FLAT 28-pin DIP 28-pin shrink DIP 32-pin shrink DIP 36-pin FLAT 



MITSUBISHI LINEAR ICs 

M51722P,FP 



F-V CONVERTER WITH MULTIPLEXER 



DESCRIPTION 

The M51722P.FP are semiconductor integrated circuits de- 
veloped for frequency-voltage (F-V) converter. 

In combination with predriver ICs, the devices constitute 
high-accuracy 2-phase, 3-phase, F-servo motor control 
system. 

FEATURES 

• Built-in frequency multiplexer controls motors with high 
accuracy. 

• Operates at a low supply voltage (supply voltage range 
4.5-1 OV) 

• Built-in FG amplifier circuit enables operation by weak 
signals 

• Large final stage output current (current source and 
current sink) 

APPLICATION 

VTRs, floppy-disk drive, etc. 

RECOMMENDED OPERATING CONDITIONS 

Supply voltage range 4.5~10V 

Rated supply voltage 9V 



PIN CONFIGURATION (TOP VIEW) 



MULTIPLEXER 
OUTPUT 
COMPARATOR 
OUTPUT 
COMPARATOR 
( + ) INPUT 
COMPARATOR 
( — ) INPUT 
FG AMPLIFIER 
OUTPUT 
FG REFERENCE 
VOLTAGE 
FG INPUT 

SUPPLY 
VOLTAGE 




MONOMULTI 
TIME CONSTANT 
CONTROL 
OUTPUT 

INVERTED INPUT 
S & H BUFFER 
OUTPUT 

S & H PIN 

CLOCK SET 

WAVEFORM 
REFORM INPUT 
GND 




16-pin molded plastic DIP 



16-pin molded plastic 
FLAT (C type) 



BLOCK DIAGRAM 



INVERTED S & H 

CONTROL OUTPUT INPUT BUFFER OUTPUT S & H PIN CLOCK SET 




FG REFERENCE FG FG AMPLIFIER COMPA- COMPA- COMPARATOR 
VOLTAGE INPUT OUTPUT RATOR RATOR OUTPUT 

( + )INPUT ( — ) INPUT 



MONOMULTI MULTIPLEXER 
TIME CONSTANT OUTPUT 
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M51722P,FP 



F-V CONVERTER WITH MULTIPLEXER 



ABSOLUTE MAXIMUM RATINGS (T a =25°C, unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


V C c 


Supply voltage 




10 


V 


1© 


Pin (D output current 




8 


mA 


1© 


Pin (D output current 




2 


mA 


l<D 


Pin ® source current 




8 


mA 


1® 


Pin © sink current 




12 


mA 


1® 


Pin © output current 




1 


mA 


v© 


Pin (7) input voltage 




1.5- V cc 


V 


V© 


Pin <® input voltage 




0~Vcc 


V 


PdF 


Power dissipation 




770(430) 


mW 


K* 


Thermal derating 




7.7(4.3) 


mW/°C 


Topr 


Operating temperature 




-20 — h75 


°C 


T .stg 


Storage temperature 




-40 — H25 


°C 



Note ( ) = M51722FP 



ELECTRICAL CHARACTERISTICS (T a =25 0 C,V C c=9V, unless otherwise noted) 



Symbol 


Parameter 


Te6t conditions 


Limits 


Unit 


Mm 


Typ 


Max 


•ccd) 


Circuit current (1 ) 


V CC =4.5V 




4.5 


9 


mA 


'CC(2) 


Circuit current (2) 


V CC =10V 




4.5 


9 


mA 


Vref(i) 


Reference voltage of output voltage (1 ) 


Pin (D Open 


4.4 


4.5 


4.6 


V 


V r ef(2) 


Reference voltage of output voltage (2) 


10kQ between pin (D and GND 


4.4 


4.5 


4.6 


V 


V 0 H(D 


Pin (5) high-level output 


3. 9kQ between pin (D and GND 


6.0 


6.8 




V 


Vol© 


Pin (D low-level output 


3. 9k Q between V cc and pin (D 




1.0 


1.5 


V 


V 0 H© 


Pin (D high-level output 


2kQ between pin (D and GND 


7.5 


8.0 




V 


Vol© 


Pin (2) low-level output 


2k Q between V C c and pin (2) 




1.0 


1.5 


V 


V 0 H© 


Pin © high-level output 


1.5kQ between pin © and GND 


6.6 


7.5 




V 


Vol© 


Pin © low-level output 


1.5kQ between V C c and pin © 




1.0 


1.5 


V 


Voffset©-© 


Pin © - pin (Z) offset voltage 








±6 


mV 


Voffset®-© 


Pin (3) - pin (D offset voltage 








±6 


mV 


Voffset©-® 


Pin © - pin (B> offset voltage 








±6 


mV 


T© 


Pin © pulse width 


Pin © time constant 100kQ+820pF 


45 


55 


65 
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MITSUBISHI LINEAR ICs 

M51722P,FP 



F-V CONVERTER WITH MULTIPLEXER 



THERMAL DERATING (MAXIMUM RATING) (T a =25°C, unless otherwise noted) 



* OA 



0.6 



0.4 



0.2 



M51722P 

























\ 

\ 

\ 










1 

\ 

\ 

\ 

\ 



0 50 100 150 

AMBIENT TEMPERATURE T a (°C) 



0.8 



0.6 



Z 

o 
< 

Ql 

co 0.4 

CO 

Q 

DC 

hi 0.2 



0 



M51722FP 



0 50 100 150 

AMBIENT TEMPERATURE T a (°C) 



APPLICATION EXAMPLE 



GND 



TO PREDRIVER 




16 



15 



820 p 



-vw 

100k 



0.033// 



47k 

-AAA <• 



0. 033 /z 



Unit Resistance : Q 
Capacitance ■ F 
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MITSUBISHI LINEAR ICs 

M51722P,FP 



F-V CONVERTER WITH MULTIPLEXER 



TYPICAL CHARACTERISTICS (T a =25°C, unless otherwise noted) 

CIRCUIT CURRENT VS. SUPPLY VOLTAGE 

4.0 r- 



3.5 



£ 3.0 

LU 
CC 

tr 

2.5 

o 
t 

| 2.0 
O 



1.5 




4 5 6 7 8 9 10 11 
SUPPLY VOLTAGE V cc (V) 



o 
> 

UJ 

O 

z 

111 

DC 



UJ 



REFERENCE VOLTAGE VS. 
SUPPLY VOLTAGE 




4 5 6 7 8 9 10 11 
SUPPLY VOLTAGE V cc (V) 



PIN 



30 



8 

_? 25 



20 



15 



</> 10 



D SOURCE CURRENT VS. 
SUPPLY VOLTAGE 



34 56 789 10 11 
SUPPLY VOLTAGE V cc (V) 



PIN © SOURCE CURRENT VS. 
SUPPLY VOLTAGE 




34 5 6 7 8 9 10 11 
SUPPLY VOLTAGE V cc (V) 



PIN ® SOURCE CURRENT VS. 
SUPPLY VOLTAGE 



z 

Q. 



34 56789 10 11 
SUPPLY VOLTAGE V cc (V) 
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MITSUBISHI LINEAR ICs 

M51722P,FP 



F-V CONVERTER WITH MULTIPLEXER 




PIN ® SOURCE CURRENT VS. 
AMBIENT TEMPERATURE 



z 

W 
DC 
CC 
D 
O 
ill 

o 

DC 
D 
0 

CO 



z 



30 



25 



20 



15 



10 



Vcc= 


=9V 



























































-50 —25 0 25 50 75 100 
AMBIENT TEMPERATURE T a CO 



5.5 



a> 5. i 
> 



O 

iS 
-j 

o 
> 

HI 

O 
z 

ID 
QC 
LU 
LL 
LU 
QC 



4.5 



4.0 



3.5 



3.0 



REFERENCE VOLTAGE VS. 
AMBIENT TEMPERATURE 



V C c= 


=9V 



























































-50 -25 0 25 50 75 100 
AMBIENT TEMPERATURE T a (°C) 
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MITSUBISHI LINEAR ICs 

M51723P,FP 

FREQUENCY- VOLTAGE (F-V)CONVERTER 



DESCRIPTION 

The M51723P.FP are semiconductor integrated circuits de- 
signed for use in frequency-voitage (F-V) converting. 

The devices consist of an FG amplifier, sample and hold 
circuit, error amplifier and sawteeth-wave generating cir- 
cuits. 

The M51723P,FP constitute frequency-servo motor control 
system in combination with the brushless motor pre-driver, 
M51724P.FP or other pre-driver ICs. 

FEATURES 

• Low power dissipation 

• Suitable for both current output (current source or current 
sink) and voltage output 

• Start/ stop changeover terminal 

APPLICATION 

VTR, floppy disk drive, etc. 

RECOMMENDED OPERATING CONDITIONS 

Supply voltage range 7.2~20V 

Rated supply voltage 12V 



PIN CONFIGURATION (TOP VIEW) 



v cc |T 

STABILIZED V7T 
VOLTAGE YL 
Start/Stop pr 
CHANGE OVER 1 ^- 
FG INPUT (T 

CLOCK SET Q[ 

GND[j[ 

SAWTEETH-WAVE fT 
SET LL 
REFERENCE IT 
VOLTAGE L — I 




CURRENT OUTPUT 
(SOURCE) 
CURRENT 
FEEDBACK 
CURRENT OUTPUT 
(SINK) 
OUTPUT CURRENT 
SET 

SPEED CONTROL 
INPUT 

INVERTING INPUT 

HOLD INPUT 
FEFERENCE 
VOLTAGE OUTPUT 




16-pin molded plastic DIP 



4^ 



16-pin molded plastic FLAT 
(C type) 



BLOCK DIAGRAM 



START/ 

REFERENCE STOP 
REFERENCE VOLTAGE CHANGE STABILIZED 
VOLTAGE OUTPUT OVER VOLTAGE 



DISCHARGE 

PULSE 
GENERATION 




® (»> 



REFERENCE 
VOLTAGE 
GENERATION 



<?)(2>-<T>^- 



START/STOP 
CHANGEOVER 



SAMPLING 

PULSE 
GENERATION 



STABILIZED 
VOLTAGE 
GENERATION 



SAWTEETH 
-WAVE 
GENERATION 
& 

SAMPLING 



<D— 




DC AMF 



CURRENT 
OUTPUT 
(SOURCE) 



CURRNET 
OUTPUT 
(SINK) 



^CURRENT 
(l 6) OUTPUT 
J (SOURCE) 



OUTPUT 
(13) CURRENT 
T SET 



CURRENT 
-n A) OUTPUT 
X INPUT (SINK) 



CLOCK SET 



SAWTEETH- 
WAVE SET 



HOLD INVERTING 
INPUT INPUT 



SPEED 

CONTROL 

INPUT 



CURRENT 
FEEDBACK 
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MITSUBISHI LINEAR ICs 

M51723P,FP 



FREQUENCY- VOLTAGE (F-V)CONVERTER 



ABSOLUTE MAXIMUM RATINGS <T a =25t:, unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


V cc 


Supply voltage 




20 


V 


Istb 


Pin (D output current 




20 


mA 


V® 


Pin 0 input voltage 




-0. 2~V stb 


V 


•OL® 


Pin (Q) source current 




6 


mA 


'OL® 


Pin ® sink current 




6 


mA 


PdF 


Power dissipation 




770(430) 


mW 


Topr 


Operating temperature range 




-20 — f-75 


°C 


T stg 


Storage temperature 




—40 — H25 


°C 



Note ( ) = M51723FP 



ELECTRICAL CHARACTERISTICS (T a =25'C, V CC =12V, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


'cc 


Circuit current 




2 


3 


5 


mA 


Vstb 


Stabilized output voltage 




5.3 


5.8 


6.3 


V 


Vref 


Reference voltage 


Vcc = V s tb =5. 6V 


2. 70 


2. 81 


2. 94 


V 


V-thO) 


Clock threshold voltage (1 ) 


Vcc=V st b=5.6V 


1.78 


1.90 


2. 00 


Y 


V T H(2) 


Clock threshold voltage (2) 


V C c=V s tb=5.6V 


2. 67 


2.81 


2. 95 


V 


V T H(3) 


Clock threshold voltage (3) 


Vcc=V st b=5. 6V 


3.01 


3.17 


3. 33 


V 


V T H(4) 


Clock threshold voltage (4) 


V C c=V s tb=5. 6V 


3. 95 


4.17 


4. 37 


V 


VsTOP 


Stop circuit operating voltage 


Vcc=V st b=5. 6V 




2.6 


3.0 


V 


V 0 ffsetor> 


Pin (D input offset voltage 


Vcc=V s tb-5. 6V 




0 


±6 


mV 


VoffsetCMO 


Pin (Z) - pin (© offset voltage 


V C c= V s tb=5. 6V 




0 


±10 


mV 


Voffsetcex^ 


Pin (D - pin (D offset voltage 


V C c=V s tb=5. 6V 




0 


±10 


mV 


Voffsetto-o^ 


Pin (® - pin (0) offset voltage 


V C c=V s tb=5.6V 




0 


±10 


mV 


Isioo 


Pin (0) sink current 


20k Q between V cc and pin © 


440 


550 


660 


^A 




Pin © source current 


20k Q between V C c and pin (Q) 


570 


720 


860 
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MITSUBISHI LINEAR ICs 

M51723P,FP 



FREQUENCY- VOLTAGE (F-V)CONVERTER 



THERMAL DERATING (MAXIMUM RATING) <T a -25XX. unless otherwise noted) 



0.8 



0.6 



■o 

CL 

z 

g 

I 

C/) 0.4 

w 

Q 

oc 

w 0.2 

o 

Q. 



0 



M51723P 

























\ 

\ 

\ 

. ., , ,1 










K 

\ 

\ 

\ 



0 50 100 150 

AMBIENT TEMPERATURE T a (°C) 



0.8 



| °- 6 
Q. 

00 0.4 
CO 



S 0.2 
O 

Q. 



M51723FP 



0 50 100 150 

AMBIENT TEMPERATURE T a (°C) 



APPLICATION EXAMPLE 



TO M51724P OR OTHER PRE-DRIVER 



FROM FG r 



Ci 0. 1 , 



C 2 33 jl 



C 3 0. 1 , 



C 4 0.022/i 
—ll- 



Cs 0. 001 fx 

— Ih- 



45^ 



c 6 

— II — 

0. 033 p 



Ri 36k , 

" «Mr—f 1_5_ 



R 2 150k , . 

1 WV—t — |T 



Cl 




0.47/ 



Pin (D - 



OFF*/ 0 ON 

ON . Operation start 
OFF : Operation stop 



Unit Resistance Q 
Capacitance : F 
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MITSUBISHI LINEAR ICs 

M51723P,FP 



FREQUENCY- VOLTAGE (F-V)CONVERTER 



TYPICAL CHARACTERISTICS (T a =25°C, unless otherwise noted) 

CIRCUIT CURRENT VS. SUPPLY VOLTAGE 

4.0 



< 

J 3.5 




4 8 12 16 20 24 
SUPPLY VOLTAGE V cc (V) 



7.0 



6.5 



LU 

C5 6.0 

< 

f- 

-J 

O 

> 5.5 

Q 

LU 

N 



5.0 



4.5 



STABILIZED VOLTAGE 
VS. SUPPLY VOLTAGE 



4 8 12 16 20 24 
SUPPLY VOLTAGE V cc (V) 



< 
I- 

o 
> 

1X1 

o 
z 

LU 
CC 
LU 



4.0 



E 3.5 



2.5 



2.0 



1.5 



REFERENCE VOLTAGE 
VS. SUPPLY VOLTAGE 



i 



0 4 8 12 16 20 24 
SUPPLY VOLTAGE V cc (V) 



< 

51 



320 



300 



280 



I- 
Z 

LU 
DC 
DC 

O 260 

Z 

CO 



z 

Q- 



240 



220 



PIN 14 SINK CURRENT 
VS. SUPPLY VOLTAGE 



12 



16 20 



SUPPLY VOLTAGE V c 



(V) 



24 



PIN 16 SOURCE CURRENT 
VS. SUPPLY VOLTAGE 




"0 4 8 12 16 20 24 
SUPPLY VOLTAGE V cc (V) 



CIRCUIT CURRENT VS. 
AMBIENT TEMPERATURE 





4.0 


< 




E 






3.5 


0 




_o 




h- 


3.0 


z 




LU 




OC 




CC 




D 


2.5 


O 








D 




O 


2.0 


DC 




o 






1.5 



-50 —25 0 25 50 75 100 
AMBIENT TEMPERATURE T a CO 
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MITSUBISHI LINEAR ICs 

M51723P, FP 

FREQUENCY- VOLTAGE (F-V)CONVERTER 



STABILIZED VOLTAGE 
VS. AMBIENT TEMPERATURE 





/. U 


> 








to 


6.5 


> 




LU 




0 


6.0 


< 










0 




> 


5.5 


0 




uj 




N 




-1 


5.0 


CQ 


< 














4._5 







50 -25 0 25 50 75 100 
AMBIENT TEMPERATURE T a (°C) 



(D 
< 
\- 
_J 
O 
> 

LU 

o 

Z 

LU 



REFERENCE VOLTAGE 
VS. AMBIENT TEMPERATURE 



4.0 



£ 3. 
> 



3.0 



2.5 



2.0 



1.5 



-50 -25 0 25 50 75 100 
AMBIENT TEMPERATURE T a (°C) 



A MITSUBISHI 
ELECTRIC 



6-13 



MITSUBISHI LINEAR ICs 

M51728L,FP 



PLL MOTOR SPEED CONTROL 



DESCRIPTION 

The M51728L.FP are semiconductor integrated circuits de- 
signed for motor speed control circuit. 

The precision speed control can be obtained because of 
the PLL circuit. 

It controls DC motors with a TG (tacho generator). 

FEATURES 

• Built-in zener diode 6.9V(typ.) 

• Supply voltage regulation (oscillating frequency) 

±0.01%(typ.)(9~18V, R S =910Q) 

• Load regulation of motor speed Nil 

• Temperature coefficient (oscillating frequency) 

±50ppm/°C(typ.)(-20 — h75°C) 

• Motor speed can be easily set 

APPLICATION 

Speed control of motors in audio equipment or terminals. 

RECOMMENDED OPERATING CONDITIONS 

(V s when dropper resistor R S =910Q) 

Supply voltage range 9^ 18V 

Rated supply voltage 13V 



PIN CONFIGURATION (TOP VIEW) 



J] INPUT 2 
T) INPUT 1 

6j TIME CONSTANT 2 

|] TIME CONSTANT 1 

T] STABILIZED VOLTAGE 

T] GND 

|] V cc 

J] OUTPUT 




OUTPUT [T 

VccH 

gnd[J 

STABILIZED nr 



VOLTAGE I 



HI 

T| 



T| INPUT 2 
7] INPUT 1 
][j CLOCK SET 2 
][] CLOCK SET 1 




8-pin molded plastic SIP 




8-pin molded plastic FLAT 
(MINI FLAT) 



BLOCK DIAGRAM 
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MITSUBISHI LINEAR ICs 

M51728L,FP 



PLL MOTOR SPEED CONTROL 



ABSOLUTE MAXIMUM RATINGS (T a =25°C, unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


Ice 


Circuit current 


Source current at Pin (D 


20 


mA 


Vincz)-© 


Pin (Z)— (D applied voltage 




5.7 


Vr.p 


1® 


Pin (5) source current 




2 


mA 


lo 


Output current 




Note_^_2 


mA 


V® 


Pin (D applied voltage 




7 


V 


v© 


Pin (D applied voltage 




2.7 


V 




Pin © applied voltage 




7 


V 


Pd 


Power dissipation 




500(400) 


mW 




Thermal derating 




200(250) 


°C/W 


Topr 


Operating temperature 




-20 — h75 


°C 


T stg 


Storage temperature 




-40 — H25 


°C 



Note 1. "+" indicated sink current to Pin (D and "— " indicates source current from Pin ©. 



2. ( ) = M51728FP 



ELECTRICAL CHARACTERISTICS (T a =25°C,V s =13V,R s =910Q, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


V cc 


Circuit voltage 


Pin © voltage 


6.2 


6.9 


7.6 


V 


Ice 


Circuit current 


V CC =6V 


2.0 


3.7 


' 6.0 


mA 


V s tb 


Stabilized output voltage 


V CC =6V 


2.4 


2.7 


3.0 


V 


Voh 


Pin © high level output 


lo=— 1mA 


4.2 


5.5 




V 


Vol 


Pin © low level output 


lo=+1mA 




0.04 


0.3 


V 


v®(v®) 


Pin © (Pin (D) voltage 


V s tb=V cc =3V 


1.0 


1.3 


1.5 


V 


l<2)-® 


Current between Pin © and Pin <D 


5V applied between Pin © and Pin (8) 


1.6 


2.5 


3.6 


mA 


A Tjn 


Difference of TG amplifier output period 


Measured under conditions of 5kHz, 
150mVp. P SIN input between Pin © and Pin 
(8), and 10kHz rectangular wave input at Pin 
(D and output at Pin © > 


-20 


0 


+20 


yusec 


fosc 


Oscillating output frequency 


Rti = R T 2=47k Q , C T =0. 01 fx F 


975 


1025 


1075 


Hz 


Af(vs) 


Oscillating frequency supply voltage regulation 


V S =9~18V 




±0.01 




% 


Af(t) 


Oscillating frequency supply voltage regulation 


T a =— 20 — h75°C,IC only 




±50 




ppm/°C 


Af(Ta) 


Oscillating frequency time regulation 


t=0. 5sec~30min 




±0. 02 




% 


Vjn(min) 


Minimum operating voltage between 
Pin © and Pin (D 


Voltage satisfying AT m when fj n (between 
Pin © and Pin (D=0. 1 ~5kHz) 




150 




mVp.p 


Vin(N) 


Input sensitivity between Pin (Z) and Pin ® 


Measure existence of Pin © output for the 
input between Pin © and Pin © 




3 




mVp.p 



100k 
80 k 
60k 
40k 



5 20k 



QC 



10k 
6k 

3k 




Speed of motor N with P-pole tacho 
generators is given in the following - 
equation. -jg 



N=- 



N c 



1200 1400 1600 1800 2000 2200 2400 2600 2800 
Speed N 0 (rpm) 



The fig. shows relationship between oscillator time con- 
stants (T T i, R T 2, C t ) and speed N 0 of a motor with six- 
teen-pole tachometer generator. The limits in the above 
are ontained when R-ri = RT2=47kQ, Q T =: 0.01/iF. 

A trimmer resistor can be added in serial with R T i or 
R T 2 for fine adjustment. 

The calsulating equation is as follows; 

^ 1 

fosc~ 



N= 



' 0.693- Ct(Rti+2Rt 2 ) 
60'fjG 60-f O sc/2 30 



p p p 'UbU 

where N: Speed 

P: number of poles of tacho generator 
f TG : output frequency of tacho generator 
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MITSUBISHI LINEAR ICs 

M51728L,FP 



PLL MOTOR SPEED CONTROL 



TYPICAL CHARACTERISTICS (T a =25 o C,Vs=13V,R s =910Q, unless otherwise noted) 



THERMAL DERATING (MAXIMUM RATING) V cc -V s 




AMBIENT TEMPERATURE T a (°C) SUPPLY VOLTAGE V s (V) 



Vstb-Vs 



LU 

(5 

0 
> 

D 
Q. 
h- 
D 

o 

Q 
ai 
N 



00 
< 



■'III 

R S =910Q | 








PI 


N (D 


OPEN 


1 





































































































^0 2 4 6 8 10 12 14 
SUPPLY VOLTAGE V s (V) 



s-Vc 



z 

LU 
DC 
DC 
D 
O 
> 

o 

Q. 

0. 
D 

V) 



Rs 
PI 

(C 


=910 
N © ( 
URRE 


° I 

DPEN 

:nt flow 


NG 1 


3 : Rs) 















































0 2 4 6 8 10 12 14 
SUPPLY VOLTAGE V s (V) 



Vqh-Vs (PIN ® OUTPUT) z fosc-V s 




SUPPLY VOLTAGE V s (V) SUPPLY VOLTAGE V s (V) 
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MITSUBISHI LINEAR ICs 

M51728L,FP 



PLL MOTOR SPEED CONTROL 



fosc-t (DRIFT CHARACTERISTICS) 



+0.3 
+0.2 
+0.1 
0 

< -0.1 
-0.2 

-0.3 
-0.4 



V S =13V 
R S =910Q 






































































t= 


). 5se 


c~3C 


min 



















10 20 30 

TIME i t (min) 



fosc-Ta OVER-ALL 




-60 -40 0 40 80 

AMBIENT TEMPERATURE T a (°C) 



fosc-Ta IC ONLY 



S +0.3 

£ +0.2 
< 

> +0.1 

o 
z 

LU 0 

o 

S -o.i 



g-0.2 
H -0.3 



8 -a 4 
o 



fosc=1kHz | 
R T i = R T 2=47kQ 








C t 


=0.0 



















































































—60 —40 0 40 

AMBIENT TEMPERATURE T a (°C) 



OUTPUT CHARACTERISTICS OF 
PHASE COMPARATOR (PIN CD) 

(Note: The Y-axis indicates the integrated output.) 



e 

z 

Q. 



HI 

S 

_J 

H 
D 
Cl 
I- 
D 

o 



9 V ol 

Z 

CL 



A 6 


I 

= 0{ 


tasc) 


-0( 


mot) 



























































































0 7T 27C 

PHASE DIFFERENCE A 8 (rad) 



OUTPUT CHARACTERISTICS OF WAVEFORM 
REFORM CIRCUIT (INTERNAL) 



lli 
i- 

D 
Q. 
h- 
D 
O 



< 

| 100 

I- 
z 



50 



fMOT = The output k 
assumed 100%. 


ivel a 


t 500K 


iz is 






























— C 

TT 

1 


HAR/ 
TYP 

i I 


\CTE 
E CO 

I I 


RISTI 
IL IS 

I I 


0 WH 
USEC 


EN 
) 




I O « — » O PIN W 

L o I n i OPIN® 




4900pF -j- ^4900pF | 





40 



80 



120 



INPUT FREQUENCY f mot (kHz) 
INPUT BETWEEN PIN © AND PIN d 
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MITSUBISHI LINEAR ICs 

M51728L,FP 



PLL MOTOR SPEED CONTROL 



APPLICATION EXAMPLE 

N P 

Note. f OS c=2 • f TG =2 • P~r==-~ 



9V—13V—18V 




M51728L, FP 



±Z]QjuF 



777 




777 777 



C 4 
0.01 



OSCILLATING FREQUENCY" f OS c 



TACHOMETER GENERATOR FREQUENCY • f TG 



(T.GJ MUMBER OF POSES" P 



^900 ^F 



>*; External signals of crystal oscillator can be input at Pin (D as 
oscillating frequency. The input threshold value is as follows. 

2 

Vref(H)=yV s tb 
Vref(L)=4-V s tb 
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MITSUBISHI LINEAR ICs 

M51728L,FP 



PLL MOTOR SPEED CONTROL 



TIMING CHART OF THE M51728L,FP 




}"* T(fosc)' 

ii) HEAVY LOAD i 
CONDITION ! 



TG OUTPUT (7) 
(OR PIN <D) 



OUTPUT © 




in") LIGHT LOAD 
CONDITION 



TG OUTPUT (7) 
(OR PIN (D) 



OUTPUT © 




■T(fosc) *j 

(T 3 <Ti<T 2 ) 



1. Differential type of input is used for tacho generator 
frequency input Pin @ and Pin ®. Trigger signal is 
generated for phase comparator when the AC fre- 
quency width of the input signal crosses at near zero. 

2. Pulse feedback signal generated by encoder must be 
input to Pin @. The high input level should be less 
than V st b-0.3V. (V s tb=2.7V typ.) 

3. The duty of phase comparator output at Pin © differs 
for every cycle if the duty of input signal at Pin © and 
Pin ® is less than 50%. 



4. An external oscillator, such as crystal oscillator in- 
stead of internal oscillator of oscillating frequency, 
should be connected to Pin ©. The input level must 
be less than the level shown below; 

2 

for high level Vj n ( H ) -3-V s tb<Vj n (H)< (V s tb _ 0.3V) 
and for low level Vj n ( L ) 0<Vjn( L )<4~Vstb 



I — n i — n 

(7) 1 Ll 1 Ll Bold line duty cycle = 50% 



Broken line when duty cycle is shifted 

I I I II I I I !l I 

© 



j~i_nLn_riLr 
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MITSUBISHI LINEAR ICs 

M51970L 

SPEED CONTROL FOR DC MICRO MOTOR 



DESCRIPTION 

The M51970L is a monolithic IC designed for use of speed 
control for DC micro motor. It controls constantly speed of 
DC micro motor, connecting the signal of frequency- 
generation detector to the IC. It consists of an input signal 
amplifier, a monostable multivibrator, an integrator, an output 
current amplifier with current limiter, an overshoot protector 
and an internal voltage regulator. 

FEATURES 

• Wide supply voltage range 2. 5—1 8V ( -20 — h75°C ) 

• High stability vs supply voltage ±0. 01 %N (typ. ) 

• High stability vs temperature ±10ppm/°C (typ.) 

• High stability vs load ±0. 1%(typ.) 

• Provides DC output drive for minimum RFI. 

• Includes overshoot protection circuit for quick start re- 
sponse of motor with less overshoot. 

APPLICATIONS 

8m/m movie camera, Floppy disk driver, Record player, 
Tape recorder, Car stereo, Motor driven equipment 

RECOMMENDED OPERATING CONDITIONS 

Supply voltage range 2. 5 — 1 7V 

Rated supply voltage 9V 



PIN 


CONFIGURATION (TOP VIEW) 






U CAPACITOR FOR INTEGRATION 






3 CURRENT LIMITTING RESISTOR 




_l 


6] OUTPUT 




S 


U (-) POWER SUPPLY 




M51! 


7] (+) GND 






3] REGULATOR OUTPUT 






|] INPUT 






T| TIME CONSTANTS 




Outline 8P5 




8-pin molded plastic SIL 



BLOCK DIAGRAM 



TIME CONSTANTS CAPACITOR FOR INTEGRATION 



INPUT 



( + ) GND 



AMP 



(-) POWER (5)*- 
SUPPLY T 



AVR 



<3>~ 



MONO 
MULTI- 
VIBRATOR 



INTEGRATOR 



OVERSHOOT 
PROTECTOR 



REGULATOR OUTPUT 



CURRENT 
LIMITER 



CURRENT 
AMP 



4 



CURRENT 
LIMITTING 
RESISTOR 



OUTPUT 
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MITSUBISHI LINEAR ICs 

M51970L 



SPEED CONTROL FOR DC MICRO MOTOR 



ABSOLUTE MAXIMUM RATINGS (T a =25°C, unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


Vcc 


Supply voltage 




18 


V 


1® 


Sink current into © 




40 


mA 


1® 


Issued current from (D 




-3 


mA 


Pd 


Power dissipation 


Mounted on the P-C board (Cu foil area 4. 5X5. 5cm, 
t=35;u, thickness of the P-C board 2mm) 


550 


mW 


K* 


Derating 




5.5 


mW/'C 


T opr 


Operating temperature 1 




-20 — h75 


°C 


T stg 


Storage temperature 




-40 — H25 


°c 



ELECTRICAL CHARACTERISTICS (T a =25t, V CC =9V, unles otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


Vcc 


Supply voltage range 


T a =-20~+75°C 


2.5 




18 


V 


Ice 


Circuit current 


Except output current 


3 


4.5 


8 


mA 


V s 


Regulated output voltage 


Between © and (D 


1.8 


2.0 


2.2 


V 


Vth(2) 


Input threshold voltage 




-50 


0 


50 


mV 


RlNCZ) 


Input impedance 




4.2 


7.9 


12 


kn 


lsc<E) 


Limitted output current 


R sc =27n 


20 


27 


35 


mA 


Tr 


Pulse width of mono, -multi. 


R r =75k, C r =4700pF 


375 


395 


415 


MS 


Reg-Vcc 


Motor speed stability for V C c 


V CC =4~15V 




±0.1 




% 


Reg-L 


Motor speed stability for load 






±0.1 




% 


TC N 


Motor speed stability for temperature 


T a =-20 — h75°C 




±10 




ppm/°C 



TYPICAL CHARACTERISTICS 



(1) IC only 

(2) With printed circuit board of 2mm thick cover with Cu area of 
4. 5cmWX5. 5cmLX35/ut 

Following datas come from the "APPLICATION CIRCUIT" applying 
the following components. 

Ri=100kn, R 2 =30kfl, C F i=1/"F, Cf2=4.7,uF, R F =4.7kn, 
R t =75kfl, C r =22, OOOpF, R S c=56n, No. of tachogeneratorpoles- 
10. Components R, C, were located outside of the temperature test 
chamber in case of measuring "Speed VS ambient temperature". 



AMBIENT TEMPERATURE T a CC) 



THERMAL DERATING 

(MAXIMUM RATING) 









































































































s 































































































0 25 50 75 100 
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MITSUBISHI LINEAR ICs 

M51970L 



SPEED CONTROL FOR DC MICRO MOTOR 



SPEED VS SUPPLY VOLTAGE 



SPEED VS MOTOR TORQUE 



2 3055 
Q 





O L 


OAD 

































































































































































































3055 




SUPPLY VOLTAGE V CC (V) 



TORQUE T(g-cm) 



SPEED VS AMBIENT 

TEMPERATURE 



3060 



1 „ 1 
Vcc-SV 










— r 































































































































o 

GC 

o 



CIRCUIT CURRENT VS 

POWER SUPPLY 



•20 0 20 40 60 80 100 





EX 


>EPT 


OU 


TPU' 


CU 


RRE 











































































































AMBIENT TEMPERATURE T a (°C) 



SUPPLY VOLTAGE V CC (V) 



6-22 



A MITSUBISHI 
ELECTRIC 



MITSUBISHI LINEAR ICs 

M51970L 



SPEED CONTROL FOR DC MICRO MOTOR 



APPLICATION EXAMPLE 



Rr 
75k 



100k $ R, 



30k 



i 



| 4.7k 
:R F 



1 JL 



TACHO 
GENERATOR 



22.000P 




^■v C( 



Unit Resistance D, 
Capacitance '• F 



• HOW TO DETERMINE Rr. Cr 



10000 




10 20 30 50 70 100 200 300 500 ] Q00 

RESISTOR Rr(kO) 

Rr.Cr. determine the speed of motor 

1 



NPV 1.17R r C r 
where N; the speed of motor 

P; number of pole pair of F-G detector. 
The desiarable range of R r is usually 10k to 500k 0. 



APPLICATION HINTS 

(1) HOW TO DECIDE THE CONSTANTS OF 
FILTER AT ® PIN 

The dynamic characteristics of a motor is determined by the 
relationships between the constants which a motor originally 
has, (such as, mechanical constant or inertia and tacho 
generator frequency) and circuit constants (C F i, C F 2, RF in 
the typical application circuit) 

The following relationships will be recommendable to 
choose circuit constants when a cycle of tacho generator is 
TG( = 1/fG), and the mechanical time constant of a motor is 

1 . C F i should be a smaller value in order to improve the cir- 
cuit response. (But if the value is too small, peak to peak 
value of ramp shaped driving wave increases and becomes 
pulsive driven). 

F G XC F i=50-150Hz-^F 

2. The relationship between the time period of a tacho 
generator, and the motor constant should be following, be- 
cause the control is more unstable if speed information is 
less, 

T G / r M<<UT G <4-r M at least) 

3. Relationship between R F , C F 2 and * M 

T m^RfXCf* 



A MITSUBISHI 
ELECTRIC 



6-23 



MITSUBISHI LINEAR ICs 

M51970L 



SPEED CONTROL FOR DC MICRO MOTOR 



(2) HOW TO GET A MOTOR ON OR OFF BY THE CONTROL SIGNAL 
Example 1 



CAPACITOR FOR 
ELIMINATING NOISE 




CONTROL SIGNAL 



FROM TACHO GENERATOR 



TO MOTOR 
DRIVE CIRCUIT 



The motor is off when Q2 is on. 

Choose the constants as the current driving ability of Q 2 ^V B e/Rsc~0- 7V/R S c 



Example 2 



FROM 
TACHO 



GENERATOR R 2 




CAPACITOR FOR J_ 
ELIMINATING NOISE-r- | «i 



TO MOTOR DRIVE 
CIRCUIT 



The motor is off when Q 2 and Q3 are on. 

Use example 2 in case overshoot is large in example 1 . 
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(3) HOW TO AMPLIFY THE SIGNAL FROM TACHO GENERATOR WHEN IT IS SMALL. 



(10/3 



|3. 6k 



820 1 



+ 

23(0.1//) 



(1/*> 



0 ^ TACHO 

3 6k GENERATOR 



t 



M51970L 



Unit Resistance : Cl 
Capacitance : F 



The above constants of capacitors are example in case F G =500Hz. 



(4) HOW TO GET THE APPROXIMATE VALUE OF THE MECHANICAL CONSTANT OF A MOTOR, r M . 

First, drive the stationary motor by the step current. Then measure the time until the motor speed reachs 63% of the final 
value as following. 



MOTOR DRIVE 
CURRENT 



MOTOR SPEED 
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DESCRIPTION 

The M51971L.FP are semiconductor integrated circuits de- 
signed for use as speed controls for motors. 

They include a high-gain F-G amplifier and can be sued 
for a speed detector (F-G detector) for a side range of 
speeds. 

They control the speed of DC motors with high-precision, 
using few externally connected components. 

FEATURES 

• Wide supply voltage range 4^1 7.5V 

• Supply voltage regulation 0.005%/V(typ.) 

• Load regulation 0.01%(typ. full load range) 

• Temperature coefficient of speed 7ppm/°C(typ.) 

• Including a high-performance F-G amplifier 

APPLICATION 

Speed control of motors for floppy-disk drives, players, tape 
recorders, car stereo. 

RECOMMENDED OPERATING CONDITIONS 

Supply voltage range 4~17.5V 

Rated supply voltage 9V 

Pin © input voltage range 0.4V~V C c(Note 1) 

Pin ® input voltage range 0.4V~ V cc 

Maximum tacho generator frequency 2.5kHz 

Minimum trigger pulse width (Pin ® input pulse) 

, 40>s(Note 2) 

Note 1. Liner operation range —0.4 — h0.4V 

Note 2. This condition is applicable to both the periods from 
rise-time to fall-time and from fall-time to rise-time. 



PIN CONFIGURATION (TOP VIEW) 




NON-INVERTED rr-j 
INPUT LL 
INVERTED INPUT [J 
AMPLIFIER rr- 

outputLI 
schmitt input |t 

TIME CONSTANT [j[ 



POWER SUPPLY 

OUTPUT 
CAPACITOR FOR 
INTEGRATION 
GND 

STABILIZED SUPPLY 

VOLTAGE 

TIME CONSTANTS 

SCHMITT INPUT 

AMPLIFIER OUTPUT 

INVERTED INPUT 

NON-INVERTED INPUT 



frri POWER 
iMl SUPPLY 

9] OUTPUT 

CAPACITOR FO 
R INTEGRATION 
T) GND 
-rn STABILIZED 
-2J SUPPLY 
VOLTAGE 




10-pin molded plastic FLAT 




10-pin molded plastic SIP 



BLOCK DIAGRAM 



AMPLIFIER SCHMITT 
OUTPUT INPUT 



NON-INVERTED , 
INPUT 



INVERTED INPUT ( 2 



OPER 

v LS 

>— »H 

~1. 9V 


ATIONAL 
dPLIFIER 









POWER SUPPLY (10} 



STABILIZED 
SUPPLY 
VOLTAGE 




TIME CONSTANT 



CAPACITOR FOR 
INTEGRATION 



SCHMITT 
COMPARATOR 




TIMER 



1.9V 



STABILIZED 
SUPPLY VOLTAGE 




RATED | A 

CURRENT^ *A > (9) OUTPUT 

CONTROL y 



OVERSHOOT 
PROTECTION — 1 
CIRCUIT I 
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ABSOLUTE MAXIMUM RATINGS (T a =25°C, unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


V cc 


Supply voltage 




18 


V 


V© 


Pin © applied voltage 




-3~Vcc 


V 


1® 


Pin (D sink current 




—5 


mA 


1© 


Pin (D sink current 




—5 


mA 


V® 


Pin (D applied current 




0~Vcc 


V 


1®- 


Pin (D sink current 




-20 


mA 


PdF 


Power dissipation 




880(M51971L) 


mW 


450(M51971FP) 




Thermal derating 


T a ^25°C 


8.8(M51971L) 


mW/°C 


4.5(M51971 FP) 


Topr 


Operating temperature 




-20 — h75 


°C 


T stg 


Storage temperature 




-40 — 1-125 


°C 



ELECTRICAL CHARACTERISTICS (T a =25°C, V CC =9V, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


Vcc 


Supply voltage range ' 




4.0 




17.5 


V 


Ice 


Circuit current 






3.2 


6.0 


mA 


V s 


Stabilized supply voltage 


Pin (D voltage 


2. 44 


2. 71 


2. 98 


V 


l<D 


Pin © input current 


V(T)=0V 


-3.0 


-0.5 




juA 


I® 


Pin (D input current 


V©=0V 


-180 


-30 




nA 


V©ls 


Pin © level shift voltage 


V(D=0V 


1.51 


1.89 


2. 27 


V 


A v 


FG amplifier voltage gain 


V©=0. 2mVrms, f=500Hz, 
externally set gain=60dB 


54 


59 


64 


dB 


I® 


Pin ® input current 


V®=2. 5V 




0.4 


2.0 


M A 


V®TH 


Pin (4) threshold voltage 


Reference is the Pin © level shift voltage 


0 


16 


40 


mV 


V®HY 


Pin (D hysteresis width 




20 


37 


55 


mV 


V(Ds 


Pin (5) saturation voltage 


Rr=75kQ 




3 


20 


mV 


Tr 


One-shot pulse width 


Rr =75kQ,Cr=4700pF 


375 


395 


415 


/usee 


l®c 


Pin (D charge current 


V®=1V 


-260 


— 190 


— 140 


juA 


red 


Pin (D charge/discharge current 


Vcd=1V 


-14.5 


-11.6 


-9.0 




R® 


Pin (9) output protection resistor 


l®=— 20mA 


65 


100 


150 


Q 


V(Dmax 


Pin (D maximum voltage 




2.9 


3.2 




V 


V<Dmm 


Pin (D minimum voltage 






50 


200 


mV 


V B o 


Buffer amplifier offset voltage 


V®=1V,V(D-V(9 ) 


0 


100 


200 


mV 


Reg~Vcc 


Supply voltage regulation 


Vcc=4-17.5V 




0.07 




% 


Reg"L 


Supply voltage load 


full load range 




0. 01 




% 


TC N 


Temperature coefficient of speed 


T a =— 20 h75-C 




7 




ppm/°C 
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TYPICAL CHARACTERISTICS (^=25 0, unless otherwise noted) 
THERMAL DERATING (MAXIMUM RATING) 



1000 



800 



600 



5 400 
CO 



O 

0. 



M51971 


L 


















M51971 


FP 




\ 










\ 

A 












\ 



0 25 50 75 100 125 
AMBIENT'TEMPERATURE T a (°C) 



SPEED VS. SUPPLY VOLTAGE 



3005 



E 
a 



3000 



LU 
Q. 

CO 



2995 









I 





































































































4 8 12 16 

SUPPLY VOLTAGE V cc (V) 



20 



SPEED VS. TORQUE 



3005 



z 

G 
LU 
LU 
CL 
CO 



3000 



2995 















I I I 

v^ = 9V 

































































































































































































0 50 1 00 

TORQUE T (g-cm) 



SPEED VS. AMBIENT TEMPERATURE 

3005, 



3000 



Q 
LU 

LU 
Q_ 

CO 



2995 



1 1 

— V CC =9V 

NO LOAD 

Rr, Cr 

OUTSIDE NORMAL 

TEMPERATURE BATH 



-50 -25 0 25 50 75 100 
AMBIENT TEMPERATURE T a (°C) 



CIRCUIT CURRENT VS. SUPPLY VOLTAGE 



CIRCUIT CURRENT VS. 
AMBIENT TEMPERATURE 



< 

J 4 



\- 
Z 

LU 
DC 

cr 

D 
O 

D 

O 
QC 

o 



h- 
z 



DC 
D 
O 

D 

O 
QC 



12 



16 



20 



-50 



-25 0 



25 



100 



SUPPLY VOLTAGE V cc (V) 



AMBIENT TEMPERATURE T a (°C) 
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PIN © LEVEL SHIFT VOLTAGE VS. 
AMBIENT TEMPERATURE 



m 

(5 

< 

o 
> 

I- 
u. 

I 

e/D 
-i 

LU 
> 
LU 
-I 

e 

z 

Q- 



3.0 
2.5 
2.0 
1.5 
1.0 
0.5 
0 



-50 -25 0 25 50 75 100 
AMBIENT TEMPERATURE T a (°C) 



< 
\- 
_j 
O 
> 

© 
z 

Q. 



PIN (D VOLTAGE VS. 
PIN ® OUTPUT CURRENT 











Vcc= 

V (1) = 


=9V 
DV 










/ 


f 


I 

























0 

— 15 -10 —5 0 5 10 15 
PIN (D OUTPUT CURRENT V® (mA) 



PIN ® THRESHOLD VOLTAGE VS. 
AMBIENT TEMPERATURE 



PIN © SATURATION VOLTAGE VS. 
PIN 5 SOURCE CURRENT 



CD 
< 

o 
> 

Q 
-I 

o 
I 

V) 
LU 
GC 
I 
H 

© 
Z 
£L 































-ON L 


EVEL- 














































OFF 


LEVEL 
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HI 
(3 
< 

o 
> 
z 
g 

< 

D 
I- 
< 

CO 

© 

z 

CL 



40 



30 



20 



10 



0 











V C c = 


=9V 







































0 0.2 0.4 0.6 0.8 1.0 1.2 
PIN CD SOURCE CURRENT I© (mA) 
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> 

w 

> 



3.0 



2.8 



(3 2.6 

!£ 

-J 

o 

> 2.4 
Q 



2.2 



2.0 



STABILIZED VOLTAGE VS. 
SUPPLY VOLTAGE 



4 8 12 16 20 
SUPPLY VOLTAGE V cc (V) 



24 



> 

> W 

LU 
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< 

_l 
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> 
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Vcc= 


=9V 



















































0 

—50 -25 0 25 50 75 100 
AMBIENT TEMPERATURE T a CO 



2.8 



2.7 



2.6 



STABILIZED VOLTAGE VS. 
PIN © SINK CURRENT 









Vcc 


=9V 

































1 2 3 4 5 

PIN (6) SINK CURRENT I® (mA) 



w 3 



o 
> 

© 
z 

Ql 



PIN ® VOLTAGE VS. 
INPUT SIGNAL FREQUENCY 







V CC =9V 





















401.5 402.0 402.5 , 403.0 

l(4)VS INPUT SIGNAL FREQUENCY F IN (Hz) 



PIN 8 CHARGE CURRENT VS. 
AMBIENT TEMPERATURE 



PIN 8 DISCHARGE CURRENT VS. 
AMBIENT TEMPERATURE 
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hi 
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lil 
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o 

® 

Z 
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PIN ® OUTPUT VOLTAGE 
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4 8 12 16 

SUPPLY VOLTAGE V cc (V) 



BUFFER AMPLIFIER OFFSET 
VOLTAGE VS. PIN ® VOLTAGE 



CD 
< 
l- 
-i 
O 
> 
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CO 
LL 

2f 

^ o 

LL CD 
□ > 

Q. 

< 
d 

LU 
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120 



80 
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RESPONSE CHARACTERISTICS 
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Upper : Motor speed (IF/V converting waveform of tacho 

generator frequency) 
Lower : Supply voltage 
X-axis : 20ms/div 
Time constant of motors 100ms 



Rr,C r 

Rr, Cr determine the speed of motor. The following 
equation is obtained where N is the speed of motor and 
P is the number of pole pairs of tacho generator. The 
desirable range of R r is 10k Q to 500k Q. Care should 
be taken for leak current on the surface of printed cir- 
cuit board when a large resistor is used. 

1 



1.20-R r -C r 



>- 
o 
z 

LU 
D 
O 



D 
Q. 



TACHO GENERATOR OUTPUT 
FREQUENCY VS. PIN ® RESISTOR 
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OPERATIONAL DESCRIPTION OF THE M51971 
DESCRIPTION OF EACH BLOCK 



TO PIN ( 



AMPLIFIER 
OUTPUT 



SCHMITT 
INPUT 



TIMER 



FG AMBLIFIER 




10) POWER 

'supply 



GND 



STABILIZED 
SUPPLY VOLTAGE 



F-G amplifier 

The F-G amplifier consists of an operational amplifier, 
level shift circuit and diode for waveform clipping. 

The output DC voltage at Pin (3) is increased from the 
DC voltage at Pin © by the V LS («1.9V«3V BE ) when a 
DC protection capacitor is connected to Pin ®. 

AC singals near the GND can be easily amplified. The 
clipper diode can limit the output signal width within ± 
0.7V(V B e), and rapidly charges a capacitor for DC pro- 
tection at power on. 
Schmitt Circuit 

The schmitt circuit is a comparator with hysteresis, and 
has the ON level of V L s + 20mV, and the OFF level of 
V O s-20mV. 
Timer 

The timer circuit generates reference time required for 
speed control of motor. The timer consists of a one-shot 
circuit, triggered by the input signal, and generates 
pulse with pulse width of 1.1C v R r . 
Rated Current Limiting Circuit 

The rated current limiting circuit is controlled by the out- 
put from the timer circuit and generates source current 
of li — 12 (^190 //A) when one-shot pulse is not gener- 



ated and generates source current of I2 (« 190// A) 
when one-shot pulse is generated. The ratio of h 
against I2 is unique for each IC and the tacho generator 
frequency to be set is determined by the one-shot 
pulse width and this ratio of currents (h/l2«12.6), 

T G =Tr X-r-V«1.09XTr 
where T G : Tacho generator frequency period (set 
value) 

T r : One-shot pulse width 
Overshoot Protection Circuit 

The overshoot protection circuit operates when the 
overshoot is exceptionally large, for example, when 
motor is released from locked condition. 

The Q3 is turned ON for approximately the period of 
one-shot pulse width (T r ), when the signal period of 
tacho generator becomes shorter than one-shot pulse 
width. C F i is discharged because usually R F *C F 2>Tr . 
Buffer Amplifier 

The buffer amplifier circuit consists of a voltage-follower 
circuit using operational amplifier. The input current is 
very low (within 10nA), and the driven output current is 
20mA. 
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INPUT/OUTPUT CIRCUITS 



Unit . Q 




TIMING CHARTS ||. NORMAL OPERATION TO QUICK DISCHARGE 

I. NORMAL OPERATION OPERATION 
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APPLICATION EXAMPLES 

I. When output impedance of tacho generator is low 



III. When the signal width of tacho generator is large 



Rs Rf R, 




<p (p q) (j) # (6) (jo) 



M51971L 
M51971FP 





T t c - 



M : MOTOR 
G . TACHO GENERATOR 

C s : Coupling capacitor for AC amplifier 
R s , Rf : Resistor for setting FG amplifier gam 
R NF , C NF : Filter for eliminating noise 
R r ,C r " Time constants for setting speed of motor 
C F i, C F 2, Rf Capacitor and resistor for phase compensation to 
stabilize integration and speed control systems 

Note 

"I.The tacho generator signal width of set speed of 
motor should be less than 1mV P .p. 

/1 + *> 2 gC s (Rs+Rf) 2 

2. FG amplifier gam~\j V„w£ 2 

Tacho generator width angle frequency 

3. The desirable values for C S) Rs, Rnf, C nf are as fol- 
lows. 

C s £4.7juF 



Rnf'Cnf^" 



1 





-L 








1 tl 







(3)' (4) <p™-(pfy 




M51971L 
M51971 FP 



The output waveform exceeding the value of Vf(0.7V) 
in the above three examples are clipped by an internal 
waveform clipping diode. 



IV. When the input waveform is pulsive 

INPUT SIGNAL R r V cc 

i=Cr 



(4) (t)% (£) (jjj) 




M51971L 
M51971 FP 



NOTE. The Pin ® threshold voltage to GND is approx- 
imately 1 .9V. 



V. When a motor is turned ON/OFF by the control 
II. When the output impedance of tacho generator is signal 

high and the signal width is small 0 v 
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VI. When the set speed needs to be changed gradually 
by the control signal 



VIII. To limit the drive current of motor 



CONRTOL CONTROL 
SIGNAL 1 SIGNAL 2 




VII. To limit the Pin (9) output current to suppress the 
hear of the IC 



1) 



Rr 

-AAAr- 



M51971L 
M51971FP 



6 



o F i4= 



:1 T T 




_ V BE2 ^ 0.7V 

i Mmax — — 5 

Rsc °sc 




M51971L 
M51971 FP 



I T Cf2 



V(9)max 



-(?) VW^ T~Qi 



Vc9)max~3.2V, R, 9) ~100Q 



ic^max- r (9) +r sc v ^>max 

(Refer to ELECTRICAL CHARACTERISTICS and 
TYPICAL CHARACTERISTICS) 



2) To minimize the power loss of current limiting resistor 

Rr V CC 




iMimax— ( V BE2 — V B ei x r 2 +R 3 



0. 7VXR 2 



( R 2 + R3 ) • Rsc 



IX. Speed control drive circuit for 3-phase brushless motor, using the M51971 and M51924 



V CC (12V)- 



M51971L 
M51971FP 

1+1 UJ r L3J |4J UJ |6J L7J L8J 19J [10] 



R N 
Cnf-p 



START/STOP 
CONTROL SIGNAL ^ 
/Motor stops when Q^ is ON\ 
f Speed of motor is J 
^controlled when Q1 is OFF ' 



=^c F 



m r m psi m m m 

) M51724P, FP 

LjJLpL^L^|^l|JL7JL8J 



M.2k |L2k 
~frr 



Hi, H 2 , H 3 • Hall elements 




MOTOR COIL 



10 



+ 



-rtfS^- I 



10// 



r10 A 



77T 
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X. Speed control drive circuit for 3-phase brushless motor, using the M51971 and M51712 



(12V) 



M51971L,FP 



Cs 



LjJL2Jl3jmmL6JLpmL9Jll^ 

Wv-i-VV\r' |Rr ' 1 



-AW— 1|- 



Cnft 



4=Cr 



START/STOP 
CONTROL SIGNAL 



1 Cf2 



€10k 



Q, 



MO*[OR_C 0,L HALL ELEMENTS 



|20| Pal fi8| (rfl |T6j I GNPllGND I [isl fl^l [til [12I |rfl 



M51712P,SP 



22 r 



|l||2l|3||4li5| |GND||GND| |6||7||8i|9fTl0r 



^47^47 J, £ 
777" 



0. 1 ^jlO^ 



open 
0. 01 // 



^ Motor stops when Qi is ON\ 
Speed of motor is , 
controlled when is OFF 



10k; 



Unit Resistance Q 
Capacitance . F 



XI. Frequency comparator 



Input/output transfer characteristics 



FREQUENCY 
INPUT v c 



Rr 



R'r R'r>2R, 



T C ' J— ^ 

<5> $ <$> $ JT 



M51971L 
M51971FP 



OUTPUT 



SCHMITT CIRCUIT 



r 



— 



f"TH2 f"TH1 

INPUT FREQUENCY 



Note. The hysteresis of Schmitt circuit should be higher 
than repple voltage at Pin ® (to prevent 
chattering) 



1 



1.20XRr -Cr 



1.09XR r //R'r XC r X In J 3^ + * T -1) 
{ R r — 2Rr J 
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SOME HINTS TO DESIGN STABLE SPEED 
CONTROL SYSTEM 

(How to determine filter constants at Pin ® (C F 1, C F 2, 
Rf)) 

The filter constants at Pin ® must be determined to 
satisfy the stability of the system. 

1. Transfer function of speed control system for motor 





< 






CONTROL 
CIRCUIT 

-Gc(S) 




MOTOR 
Qm(S) 






> 





SPEED CONTROL SYSTEM FOR MOTOR 

The speed control system for the motor is a negative 
feedback system, including control citcuit and motor. 

To achieve stable negative feedback, the phase stays 
180° or less in the frequency range in which the gain of 
cyclic transfer function (G C (S)* G M (S)) is greater than 
1. 

2. Transfer function of motor 

With the armature current of motor as la and angle 
speed as o> v . the following equation is obtained. 

AT g =K T - Al a =(SJ+D)-A«>v (1) 
where T g : torque generated by motor 

K T : proportional constant between torque 

generated by motor and armature current 
J: inertia moment of motor and load 
D: viscous friction coefficient 
As the relationship between tacho generator angle 
frequency <*> and motor angle speed o> v > with number 
of pole pairs of tacho generator ad P, is expressed as 
o> = P- <w v> the transfer function of motor (transfer func- 
tion including motor and tacho generator) G M (S) is a 
single-pole transfer function, and is given by 

Gm(S) =A" ^ (2) 

A ' a D-O+S-g- 

= Km „ (3) 
1+— 

P*Kt ,„•, 
where K M = — p — (4) 



2 




log^ 

Simulated transfer function of the motor 



3. Transfer function of control circuit using the 
M51971 

Under the assumption that input information is con- 
tinuously given, (tacho generator frequency is assumed 
to be infinitely high), the transfer function from the input 
at Pin ® to the output at Pin ® is given as follows; 

A (PIN ® OUTPUT VOLTAGE) 



G C (M51971)(S)= A(pjN ^ |NpUT FRE q UENC y) 

^ T r (H(H)cl + |l(a)dl) w 1+S/a>Fi 
C F1 +C F2 A S(1+S/w F2 ) 
where T T : pulse width of timer«1 .1 OX R r XC r 



(6) 



l(D C : charge current at Pin® 
IcDci: discharge current at Pin ( 
1 



Rf # Cf2 

Cj — ^F1+C F 2 

R f »Cfi *Cf2 

With the gain of the circuit connected after Pin ® of 

the M51971 as K C p, the transfer function of the whole 

circuit G C (S) is given in the following; 

r y T r(l'(g)cl + ll(g)dl) y 1+S/« R (7) 

Gc(SJ-K CP X c F1 +C F2 X S(1+S/o, F2 ) 




Simulated transfer function of the control circuit 
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4. Requirement for stable control 

For stable control of motor, the phase characteristics 
must be less than 180 in the frequency fange where the 
gain of G C (S)*G M (S) is greater than 1. 

The relationship between phase and gian is deter- 
mined by the Baud's theorem when all the poles and 
zero pints of transfer function are on the left of the com- 
plex sphere. 

If the G c (j ft> ) , G M (j a> ) follows the Baud's theorem, 
the inclination of gain of G c (j w )* G M (j ^ ) should be 
more than — 12dB/oct in the frequency range of I G c 
(ja* ) # G M (j w ) 1^1 to ensure stable control. 

When circuits constants are chosen so that ^fi^^m, 
the following equation must be established in *the fre- 
quency range where the inclination of gain of G c (j w ) 
and GmQ^) are both — 6dB/oct, in other words, the in- 
clination of gain of G c [\ (0 ) m G M becomes — 
12dB/oct. 

For precision control, the gain of one cycle transfer 
function must be large in all frequency ranges. 

Fluctuation of speed of motor due to external disturb- 
ance is reduced if the inclination is — 6dB/oct in the fre- 
quency range higher than <*> M . 

Therefore, capacity of speed control in the frequency 
range from <*> F i to <w F 2 is determined by the gain of one 
cycle transfer function when <*> F ] (« W F 2). The following 
equation is established as I G c (j w 1=2)' G M (j w fs) I < 1 
and the inclination of gain of G c (j w )*G M (j w ) is approx- 
imately — 6dB in the frequency range of co F 2 or less. 

lGc(^M)-G M (j^ M )l<^ EL «-^ fL (9) 

M Fl M M 

Therefore, the following conditions are required to im- 
prove accuracy of control in the frequency range from 

<"f1 tO ^ F 2- 
CO co 

^>1 (11) 

co F] 

Then, the values of K C p or C F i ~h C F 2 must be set to 
satisfy the equations (4) and (5). 

5. Influence of tacho generator frequency on stability 

The tachp generator frequency, which is a system con- 
trolled by period, is basically a kind of sample hold sys- 
tem controlled by discrete information on the time axis. 

The sample hold operation only adds an extra phase 
delay only to make the system unstable. 

H *0^)=^^e5H( j . +j n. G ) (12) 

Here, Set value of tacho generator frequency 
Additional phase delay of 2^ <w/w G (rad.) need to be 
considered. 

Therefore, for the angle frequency where I G c * ( j w ) ' 
Gm* (j w ) I = 1 is o) odB( the following equation must be 
established. 

w G>4-^ 0 d B (13) 



With this, if the <° G is determined, the gain value of 
one cycle transfer function can be obtained. 

lG c (ja> M )-G M (j"M)l<0.357X-^ (14) 

This equation (14) must be satisfied in any control 
systems using tacho generator frequency irrespective of 
control method, and, it can be noted that, once the 
motor and tacho generator are determined, the upper 
limit value of the control gain in <° M is determined. 

To improve the accuracy of speed control, it is neces- 
sary that IGcO^iJ'GmO^m) I >1 and, therefore, the 
following equation must be established. 



0.357- 



>1 



•(15) 



6. Summary 

The following is the method of designing speed control 
system, making the maximum use of characteristics of 
motors, based on the above-mentioned theoretical con- 
siderations. 

(1) ^F1 S Rp.Crc ^M (16) 

It is desirable that the circuit constant is set closed to 
the minimum value of & M> if the <w M changes greatly 
when motor load is changed. 



(2) 



CfH-Cf2 \ 1 



(17) 



Rf*C f1 *Cf 2 — 4 
The smaller the value of C F i, the less is the influence 
of <w F 2, but the greater the peak-to peak value of output 
pin waveform and the drive waveforms becomes more 
pulsive. 

Therefore, both arms of the equation should be equal 
in most cases of system designing. 
(3) Selection of gain 

Obtain the value for stable control, changing the 
values of K C p, C f i or C F 2, satisfying at the same time the 
relationship described in the above (16) and (17). 

When setting the stepping motor speed, the speed is 
usually unstable at slow speed, ad therefore, experi- 
ments should be made at the slowest speed. 
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How to obtain approximate value of transfer function 
of motor 

(1 ) How to obtain K M 




< MOTOR DRIVER CURRENT l a 



Plot the relationship between motor drive current and 
tacho generator frequency and obtain the inclination. 



(2) How to obtain *> M 

The m can be obtained by measuring frequency re- 
sponse of motor but usually this method takes long time. 
In stead, the approximate value can be simply obtained 
by measuring the step response. 




o 



5 

The method is to apply stepping current to halted 
motor and measure the time * M when the speed of 
motor reaches 63% of the final speed and the r M is 
obtained from the following equation. 



A MITSUBISHI 
ELECTRIC 



6-39 



MITSUBISHI LINEAR ICs 

M51724P,FP 



3-PHASE BRUSHLESS MOTOR PRE-DRIVER 



DESCRIPTION 

The M51724P.FP are semiconductor integrated circuits de- 
signed for use in 3-phase DC brushless motor. 

FEATURES 

• Suitable for various kind of motor system by selecting the 
external power transistors 

• Internal current distribution circuit 

• Good balance in output current between each phase 

• Few externally connected parts 

APPLICATION 

Brushless motor driver for VTR, cassette tape deck, flop- 
py-disk drive. 

RECOMMENDED OPERATING CONDITIONS 

Supply voltage range 10V~20V 

Rated supply voltage 15V 



PIN CONFIGURATION (TOP VIEW) 



CONTROL INPUT [f 

POWER SUPPLY |T 

2-PHASE HALL fT 
INPUT B Ll 

2- PHASE HALL nr 

INPUT A L± 
POWER SUPPLY [£ 

3- PHASE HALL 

INPUT A L2- 
3- PHASE HALL FT 
INPUT B LL 

GND |T 




1 - PHASE HALL 
INPUTB 

1 -PHAS_E HALL 
INPUT A 

r-PHASE COLLEC- 
TOR OUTPUT 

2- PHASE COLLEC- 
TOR OUTPUT 

1 - PHASE EMITTER 
OUTPUT 

2- PHASE EMITTER 
OUTPUT 

3- PHASE COLLEC- 
TOR OUTPUT 
3-PHASE EMITTER 
OUTPUT 




16-pin molded plastic DIP 



16-pin molded plastic FLAT 
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ABSOLUTE MAXIMUM RATINGS (T a =25°C, unless otherw.se noted) 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


Vcc 


Supply voltage 




20 


V 


If 


Control Input current 




1 


mA 


v D 


Applied voltage at collector output pin 




24 


V 


V s 


Applied voltage at emitter output pin 




6.5 


V 


V H 


Applied voltage at hall output pins 




6.5 


V 


fin 


Hall input frequency 




DC—1 


kHz 


Pd 


Power dissipation 


( ) = M51724FP 


900(540) 


mW 


K* 


Thermal derating (T^25°C ) 


( \) = M51724FP 


110(185) 


°C/W 


Topr 


Operating temperature 




-10 — f-50 


°C 


T stg 


Storage temperature 




-40 — H25 


°C 



ELECTRICAL CHARACTERISTICS (T a =25 0 C,V C c=15V, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


'cc 


Circuit current 




5 


12 


27 


mA 


Voffset 


Comparator input offset voltage 






5 


20 


mV 


K D 


Collector output current gain 




10 


15 


20 


A/A 


K s 


Emitter output current gain 




11 


16 


21 


A/A 


'D(maxi ) 


Maximum output current of collector output (1 ) 




3 


4 




mA 


lD(max2) 


Maximum output current of collector output (2) 




5.5 


7 




mA 


•s(maxi ) 


Maximum output current of emitter output (1 ) 




3 


4 




mA 


's(max2) 


Maximum output current of emitter output (2) 




5 


7 




mA 


M D 


Current gain ratio between collector 
output phases 




0.75 


1 


1.33 


A/A 


M s 


Current gam ratio between emitter out- 
put phases 




0. 75 


1 


1.33 


A/A 


■in 


Comparator input current 




0. 1 


1.5 


6 


^A 


Ild 


Collector output leak current 








200 


nA 


'ls 


Emitter output leak current 








200 


nA 



TYPICAL CHARACTERISTICS (T a =25°C, unless otherwise noted) 



THERMAL DERATING (MAXIMUM RATING) 



CIRCUIT CURRENT VS. SUPPLY VOLTAGE 





1000 


s 


900 


E 






800 


■o 




Q. 


700 


Z 

0 


600 




540 


1- 
< 


500 


Q. 




iO 


400 


CO 




Q 


300 


oc 




LU 


200 






0 

0. 


100 



0 



(1) 












i i i 

(DM51 724P 














(2)H 




724? 


P 










































'(2)" 








> 






















k 






V- 




















\ 


















> 


\ • 

2fc 


\ 






















±— 
\ 






















« — 



0 25 50 75 100 125 
AMBIENT TEMPERATURE T a (°C) 



Z 

LU 
CC 
CC 
D 
O 
t 
D 
O 
OC 




3 6 910 12 15 18 2021 
SUPPLY VOLTAGE V cc (V) 
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< 

E 



h- 
z 

m 

DC 
0C 
D 
O 
I- 
D 
Q. 
I- 
D 

o 

QC 

o 
o 

UJ 

_j 
-j 

o 
o 



COLLECTOR OUTPUT CURRENT VS. 
CONTROL INPUT CURRENT 

14 
12 
10 









































V C c= 


=20V 












V CC = 15V 


J 










V CC =10V 




A 



























H 
Z 
LU 
DC 
DC 
D 
O 
I- 
D 
Q. 
h- 
D 

o 

DC 
LU 
I- 



0. 1 0. 2 0. 3 0. 4 0. 5 0. 6 0. 7 



CONTROL INPUT CURRENT If (mA) 
Note, when collector output 1 system and emitter 
output 2 system are ON 

INPUT/OUTPUT TIMING CHART OF THE M51724P,FP 



H 1A © 
H 1B (g) 

H2A'0 



Idi 04) 



lD2 



© 
© 

o 



EMITTER OUTPUT CURRENT VS. 
CONTROL INPUT CURRENT 









































V CC = 


=20V 












"cc= 


= 15V- 






















V C c = 


= 10V 


/ 















0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 

CONTROL INPUT CURRENT If (mA) 

Note when collector output 2 system and emitter 
output 1 system are ON 



1/2 
■ 0 



© 



~L 



1/2 



1/2 



© 



~\r I 
- r \. 



1/2 



r 



1/2 



© 



1/2 



Note : 1. in the output current value (l D , l s ) , + indicates source current and — indicates sink current 

2. All the input pins are biased. 

3. Care must be taken to connect a load (low impedance) to all the output pins according to the 
current at the control input Pin 0 
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APPLICATION EXAMPLE 




■OVcc 

(10~15~20V) 



OGND 



SPEED SIGNAL 

>&AII constants are tentative. Unit Resistance : Q 

Capacitance • F 

NOTE : 

1. Ri~R4 : For hall element bias 

2. R 5 : For output (input) current limiting 

3. R 6 , Ci : For oscillation prevention 

4. R7-R9, C2, C 4 : For reduction of driver noise 

5. C 5 : For power supply stabilizing 

6. R E : For current feedback 

7. Tr. 1 : Control transistor (S. S. ) 

8. Tr. 2-Rr. 7 : Power transistors 

9. H1-H3 : Hall elements for position detection 

10. The same power supply (V C c) must be connected to Pin (D and Pin (D 
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DESCRIPTION 

The M51781SP is a semiconductor integrated circuit de- 
veloped for use in controlling 2-phase DC brushless motor. 
Both control and driver systems are contained in a single 
chip. It employs hall elements for position detection and 
consists of an FG amplifier, F-V converter, sample and hold 
circuit, constituting a complete circuit of F-serve motor driv- 
er system in a single chip.. 

FEATURES 

• Includes both control system and driver system in a single 
chip 

• Drives all waves of 2-phase motors 

• High output current 

• Including FG amplifier, hysteresis comparator, F-V 
converter, sample and hold circuit 

• Gain adjustment of control, amplifier of the final stage of 
servo system possible 

• Internal reference voltage generator 

• Built-in output current limiter circuit 

• Including forward/reverse direction control pins / 

• Start/stop control pins provided 



PIN CONFIGURATION (TOP VIEW) 



STABILIZED j—* 
VOLTAGE OUTPUT LL 
FORWARD/ REVER-pr- 
SE SWITCHING L£- 

1 - PHASE fT 
HALL INPUT tz: 

2- PHASE [T 
HALL INPUT 7= 

COMMON HALL [5_ 
INPUT, g- 

E 
E 

E 
)E5 



GND 



FG AMPLIFIER 
INPUT ( 



FG AMPLIFIER nrl 
INPUT ( — ) LLL 
FG AMPLIFIER [To 
OUTPUT b= 
COMPARATOR ^3 
INPUT bz 
CLOCK SET Q4 
REFERENCE PTE 

TIME SET 
REFERENCE fi6 
VOLTAGE OUTPUT l — 1 




, POWER 
32\ SUPPLY 
rri 1 -PHASE 
3U OUTPUT (a) 
qn| 1 -PHASE 
^OUTPUT (b) 
29l 2-PHASE 
zz OUTPUT (a) 
28] 2-PHASE 

, OUTPUT (b) 



> GND 
24] I 

^CURRENT 

FEEDBACK 
22] FILTER 
=! START/STOP 
2U SWITCHING 

SPEED CONT- 
. ROL OUTPUT 

INVERTED 
=, INPUT 
18] HOLD INPUT 
17] REFERENCE 
^SUPPLY 
VOLTAGE 



APPLICATION 

FDD, etc. 

RECOMMENDED OPERATING CONDITIONS 

Supply voltage range 7.2V—18V 

Rated supply voltage 12V 




32-pin molded plastic DIP shrink 



BLOCK DIAGRAM 



COMMON 
1 -PHASE HALL 2-PHASE 
HALL INPUT INPUT HALL INPUT 

-0— ©— <4> 



POWER 



FG 

AMPLIFIER 
INPUT ( + ) 
FG 

AMPLIFIER (11 
INPUT ( — ) 




FG AMPLIFIER COMPA CLOCK SET REFERENCE 
OUTPUT RATOR TIME SET 

INPUT 



— 0m— 



LTER 

HOLD INVER- SPEED REFERENCE REFERENCE 
INPUT TED CONTROL VOLTAGE SUPPL Y VOTAGE 
INPUT INPUT OUTPUT 



6-44 



A MITSUBISHI 
ELECTRIC 



MITSUBISHI LINEAR ICs 

M51781SP 



SPEED CONTROL AND DRIVER FOR 2-PHASE BRUSHLESS MOTOR 



ABSOLUTE MAXIMUM RATINGS (T a =25°C, unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


V C c 


Supply voltage 




18 


V 


Lmax 


Charge current 




1.2 


A/PHASE 


'l 


Output current 




0. 4 


A/PHASE 


•stb 


Pin CD output current 




20 


mA 


Iol® 


Pin (Q) source current 


When discharge of time constant capacitor is finished 


10 


mA 


Iol© 


Pin © source current 


When discharge of time constant capacitor is finished 


10 


mA 


V H 


Applied voltages between pins (D— (5) 
and pins @— (D 




5 


Vp.p 


V(8>-® 


Applied current between pin ® and pin ® 




±0.7 


V 


V H (c) 


Hall input common phase voltage 


Between pins <D— (5) and pins @— (D 


1~V s tb-1 


V 


PdF 


Power dissipation 


Heat sink of infinite size is used 


4 


W 


Topr 


Operating temperature 




-20 — h70 


°C 


Tstg 


Storage temperature 




-40 — hi 25 


°C 



ELECTRICAL CHARACTERISTICS (T a =25 0 C,V C c=12V, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


lcc(i) 


Circuit current (1 ) 




2.2 


3.5 


5.5 


mA 


'CC(2) 


Circuit current (2) 


V CC =18V 


2.4 


3.9 


6.6 


mA 


V s tb(i) 


Stabilized output voltage (1 ) 




5.4 


5.8 


6.2 


V 


V s tb(2) 


Stabilized output voltage (2) 


270 Q between V s tb and GND 


5.2 


5.8 


6.2 


V 


Vref 


Output voltage of reference voltage 




2.72 


2.90 


3. 02 


V 


1© 


Pin © input current 


V C c=V s tb=5. 8V, V©=0V 




0.5 


3.0 


^A 


1® 


Pin (Q) input current 


Vcc=V s tb=5. 8V, V©=0V 




30 


180 


nA 


Vol® 


Pin (Q) low level voltage 


V C c=V s tb=5.8V,10kQ between V s tb and pin ® 




80 


120 


mV 


Vol© 


Pin ® low level voltage 


V C c=V s tb = 5. 8V, 10kQ between V s tb and pin © 




50 


90 


mV 


Vth(D 


Clock threshold voltage (1 ) 


Vcc=V s tb=5. 8V 


1.83 


1.95 


2. 05 


V 


V T H(2) 


Clock threshold voltage (2) 


Vcc=V s tb=5.8V 


2. 75 


2. 90 


3. 05 


V 


V T H(3) 


Clock threshold voltage (3) 


Vcc=V s tb=5. 8V 


3.12 


3. 28 


3.44 


V 


V T H(4) 


Clock threshold voltage (4) 


Vcc=V s tb=5. 8V 


4.10 


4. 32 


4.54 


V 


Vol© 


Pin @ low level voltage 


V C c=Vstb=5. 8V, 5. 1kQ between V s tb and pin ® 




0. 75 


1.00 


V 


Voffset©-® 


Offset voltage between pin © and pin ® 


V C c=V s tb=5. 8V 






±10 


mV 


Voffset®-® 


Offset voltage between pin ® and pin (Q) 


Vcc=V s tb=5.8V 






±10 


mV 


iBa(max) 


Maximum bias current of a output 


Measured at pin ® 


9 


13 




mA 


'Bb(max) 


Maximum bias current of b output 


Measured at pin © 


9 


13 




mA 


Klednax) 


Maximum current bias ratio 


Calculated by l B a(max)/lBb(max) 


0.9 


1.0 


1.1 


A/A 


Vsat(u) 


Output saturation voltage (upper) 


l o =0. 8A, applicable to pins 




1.5 


2.2 


V 


Vsat(D) 


Output saturation voltage (lower) 


l o =0. 8A, applicable to pins @~(8) 




1.0 


1.5 


V 
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TYPICAL CHARACTERISTICS 

THERMAL DERATING (MAXIMUM RATING) 



w 4 



Z 

o 
< 

Q. 

CO 
CO 



0 



















X 












1 


s 






















i 







25 50 70 75 100 125 150 
AMBIENT TEMPERATURE T a (°C) 



CIRCUIT CURRENT VS. SUPPLY VOLTAGE 

• 4.5p- 



Z 
LU 
0C 
DC 
D 
O 
h- 

5 
o 

DC 
O 



3.5 



3.0 



2.5 



2.0 



4 6 8 10 12 14 16 18 20 
SUPPLY VOLTAGE V cc (V) 



STABILIZED VOLTAGE VS. SUPPLY VOTAGE 



6.5 



2 6.0 
-J 

o 

> 5.5 
Q 



5.0 



4 6 8 10 12 14 16 18 20 
SUPPLY VOTLAGE V cc (V) 



CD 

O 
> 

LU 

o 
z 



4.0 



<B -3 
> 3 ' 



I. 5 



3.0 



2.5 



2.0 



1.5 



REFERENCE VOLTAGE VS. 
SUPPLY VOLTAGE 



4 6 8 10 12 14 16 18 20 
SUPPLY VOLTAGE V cc (V) 



o 



4.0 



h- 3. 
Z 
LU 
DC 
DC 

3 3 - 

D 

O 2. 
DC 



.5 



CIRCUIT CURRENT VS. 
AMBIENT TEMPERATURE 



2.0 

-50 -25 0 25 50 75 100 
AMBIENT TEMPERATURE T a CO 



PIN ® LEVEL SHIFT VOLTAGE VS. 
AMBIENT TEMPERATURE 



3.0 



lu 2.5 
CD 



O 
> 
I- 

LL. 

I 

CO 



2.0 



1.5 



1.0 



0.5 




-50 -25 0 25 50 7J5 100 
AMBIENT TEMPERATURE T a (°C) 
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CD 
< 

o 
> 

D 
CL 
I- 
D 
O 
Q 



STABILIZED OUTPUT VOLTAGE VS. 
AMBIENT TEMPERATURE 



6.5 



6.0 



5.5 



5.0 



4.5 



CD 

< 4.0 

-50 -25 



0 25 50 75 100 
AMBIENT TEMPERATURE T a (°C) 



PIN ® LOW LEVEL VOLTAGE VS. 
AMBIENT TEMPERATURE 



1.25 



o 
> 



1.00 



< 



0. 75 



0.50 



0. 25 



—50 —25 0 25 50 75 100 
AMBIENT TEMPERATURE T a (°C) 



CLOCK THRESHOLD VOLTAGE VS 
AMBIENT TEMPERATURE 

5.0 



4.0 



3.0 



2.0 



1.0 













V-TH4 




















V TH 3 
V-TH2 

Vthi- 













































—50 -25 0 25 50 75 100 
AMBIENT TEMPERATURE T a (°C ) 



LU 

CD 

O 
> 

LU 

o 
z 

LU 
DC 
Hi 



REFERENCE VOLTAGE VS. 
AMBIENT TEMPERATURE 



4.0 



3.5 



3.0 



2.5 



2.0 



1.5 



-50 -25 0 25 50 75 100 
AMBIENT TEMPERATURE T a (°C ) 
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APPLICATION EXAMPLE 



4.7 4.7 

ML ILL ML ILL 



22 , 
fx F Zp. 



+ 



>100<100<H00< 100Q 



4.7 



Q 



Q 



Q 



ON 



0.47^. £15:^0.033^ 



ML ML ML ML 



15 
kQ 



000 
PF 



510 
kQ 



kQ 



[32] |3T| f30| P^gT] [^8*1 f27| [26] f^l f^H 1^3] [2^1 f^l t^ol H^l p^l 



M51781SP 



M hj N M N M LzJ M b| 



Pin (D Forward when ON 
and reverse when OFF 



ON 

u 



Pin CD Start when ON and 330 Q< 

stop when OFF 

• Constant for externally 
connected capacitor when L n 
FG frequency =930Hz °* 1 ,l F 

777 



10 



777 777 777 777 



11 



12 



Rf 



13 



1.5 
kQ 

7.5kQ 



R s < 750 Q 
+ 

, 1 fx F O.J 



FG 



: 330Q S 330Q < 330Q 



777 



18kQ 



±.0. 022 f xF 

777 - 



Cref 

:£1000 J Z± 0.033/,F 



47 

777 kQ 



777 



Rref 



Note 1. The signal amplitude for the input tacho gener- 
ator should be 1mV P . P or more. 
First stage amplifier gain ~ 

1 + "G 2 C s 2 (Rs+Rf) 2 

1 + ^G 2 C S 2 Rs" 

where v G \ input tacho generator angle 
frequency 

C s must be chosen 4.7 F or less. The disire- 
able range of R s is obtained in the following. 
2 ^ 1 
^C s -R s ^ 



Note 2. R NF and C NF are resistor and capacitor for noise 
filtering. If the time constant is too large, the in- 
put signal is weakened. R NF and C NF should be 
chosen as follows; 

Rnf*Cn F ^~~ 

COq 

Note 3. Rref and Cref are resistor and capacitor for set- 
ting speed of motor. R re f and Cref should be 
chosen as follows; 

RrerCref== 0.693.f G 
where f G : input tacho generator frequency 
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DESCRIPTION 

The M51781FP is a semiconductor integrated circuit de- 
veloped for use in controlling 2-phase DC brushless motor. 
Both control and driver systems are contained in a single 
chip. It employs hall elements for position detection and 
consists of an FG amplifier, F-V converter, sample and hold 
circuit, constituting a complete circuit of F-serve motor driv- 
er system in a single chip. 

FEATURES 

• Includes both control system and driver system in a single 
chip 

• Drives all waves of 2-phase motors 

• High output current 

• Including FG amplifier, hysteresis comparator, F-V 
converter, sample and hold circuit 

• Gain adjustment of control amplifier of the final stage of 
servo system possible 

• Internal reference voltage generator 

• Built-in output current limiter circuit 

• Including forward/reverse direction control pins 

• Start/ stop control pins provided 

APPLICATION 

FDD, etc. 

RECOMMENDED OPERATING CONDITIONS 

Supply voltage range 7.2V~18V 

Rated supply voltage 12V 



STABILIZED 
VOLTAGE OUTPUT 
FORWARD/REVER- 
SE SWITCHING 

1 - PHASE 
HALL INPUT 

2- PHASE 
HALL INPUT 

COMMON HALL 
INPUT 



PIN CONFIGURATION (TOP VIEW) 



FG AMPLIFIER 
INPUT H-) 
FG AMPLIFIER 
INPUT ( — ) 
FG AMPLIFIER 
OUTPUT 
COMPARATOR 
INPUT 
CLOCK SET 
REFERENCE 
TIME SET 
REFERENCE 
VOLTAGE OUTPUT 




n POWER 
] SUPPLY 
feci 1 -PHASE 
22J OUTPUT (a) 
34JI -PHASE / v 
^OUTPUT (b) 
332-PHASE, x 
-^OUTPUT (a) 
32] 2-PHASE , v 
3JJ ^OUTPUT (b) 

M 



GND 



[9F1CURRENT 
^FEEDBACK 
24] FILTER 
^START/STOP 
^SWITCHING 
02ISPEED CONT 
^ROL OUTPUT 
2il INVERTED 
=t INPUT 
20]HOLD INPUT 
Tjn REFRENCE 
12J SUPPLY 
VOLTAGE 




36-pin molded plastic FLAT (A type) 



BLOCK DIAGRAM 



COMMON 
1 -PHASE HALL 2-PHASE 
HALL INPUT INPUT HALL INPUT 



GND ■< 




2-PHASE 
HALL 
AMPLIFIER 



SAMPLING 
PULSE H 
GENERATION 



NSTRUC 
TION 

CURRENT 
GENERA- 
TION 



L 



1 -PHASE DRIVER 



FORWARD/ 
REVERSEh 
SWITCHING 
I | 



2-PHASE DRIVER 



START/ 
STOP 
SWITCHING 



COMPARATOR 

iD — <i6>— — 

FG AMPLIFIER COMPA-CLOCK 
OUTPUT RATOR SET 
INPUT 



REFERENCE 
I TIMING [ 
HGENERA- 
ITION AND 
SAMPLING 




PRO- 
TEC- 
TION 



I I 
REFERENCE 

r-HVOLTAGEh 
GENERATION 

I I 



l POWER 
'SUPPLY 

\ 1 -PHASE 
^OUTPUT (a) 

1 - PHASE 
'OUTPUT (b) 
, 2-PHASE 

OUTPUT (a) 

2- PHASE 
OUTPUT (b) 
\CURRENT 
'FEEDBACK 



START/ 
)STOP 

SWITCHING 
^ FORWARD/ 
; REVERSE 

SWITCHING 



®@- 



REFERENCE HOLD INVER-SPEED REFE- REFE-FILTER 
TIME SET INPUT TED CONT-RENCE RENCE 

INPUT ROL VOLTAGE SUPPLY 

INPUTOUTPUT VOLTAGE 
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SPEED CONTROL AND DRIVER FOR 2-PHASE BRUSHLESS MOTOR 



ABSOLUTE MAXIMUM RATINGS (T a =25°C, unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


v cc 


Supply voltage 




18 


V 




Charge current 




1.2 


A/PHASE 




Output current 




0.4 


A/PHASE 


'stb 


Pin CD output current 




20 


mA 


loL© 


Pin (8> source current 


When discharge of time constant capacitor is finished 


10 


mA 


'oL© 


Pin (0) source current 


When discharge of time constant capacitor is finished 


10 


mA 


V H 


Applied voltages between pins (D— (D 
and pins (D— (§) 




5 


V P .p 




Applied current between pin ® and pin @ 




±0.7 


V 


V H (c) 


Hall input common phase voltage 


Between pins (D— (5) and pins <D— (D 


1~V s tb-1 


V 


PdF 


Power dissipation 


Heat sink of infinite size is used 


3.5 


W 


Topr 


Operating temperature 




-20 — h70 


°C 


T stg 


Storage temperature 




-40 — H25 


"C 



ELECTRICAL CHARACTERISTICS (T a =25'C, V CC =12V, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


Iced) 


Circuit current (1 ) 




2.2 


3.5 


5.5 


mA 


>CC(2) 


Circuit current (2) 


V CC =18V 


2.4 


3.9 


6.6 


mA 


Vstb(i) 


Stabilized output voltage (1 ) 




5.4 


5.8 


6.2 


V 


V s tb(2) 


Stabilized output voltage (2) 


270 Q between V s tb and GND 


5.2 


5.8 


6.2 


V 


Vref 


Output voltage of reference voltage 




2. 72 


2. 90 


3. 02 


V 


1© 


Pin © input current 


V C c=V s tb=5. 8V, Vo?>=OV 




0.5 


3.0 


juA 


1® 


Pin © input current 


Vcc= V s tb=5. 8V, Vo3)=OV 




30 


180 


nA 


Vol® 


Pin ® low level voltage 


Vcc=V s tb=5.8V,10kQ between V s tb and pin ® 




80 


120 


mV 


Vol© 


Pin @ low level voltage 


V C c=V s tb=5.8V,10kQ between V s tb and pin © 




50 


90 


mV 


Vth(D 


Clock threshold voltage (1 ) 


Vcc=V s tb=5. 8V 


1.83 


1.95 


2. 05 


V 


V T H(2) 


Clock threshold voltage (2) 


Vcc=V s tb=5.8V 


2. 75 


2. 90 


3.05 


V 


V T H<3) 


Clock threshold voltage (3) 


Vcc=V s tb=5.8V 


3. 12 


3. 28 


3.44 


V 


V T H(4) 


Clock threshold voltage (4) 


Vcc=V st b=5. 8V 


4. 10 


4.32 


4.54 


V 


Vql© 


Pin © low level voltage 


V cc =V s tb=5.8V,5. 1kQ between V s tb and pin © 




0. 75 


1.00 


V 


V 0 ffset®-@ 


Offset voltage between pin © and pin ® 


Vcc=V s tb=5. 8V 






±10 


mV 


Voffset®-® 


Offset voltage between pin # and pin © 


Vcc=V s tb=5. 8V 






±10 


mV 


'Ba(max) 


Maximum bias current of a output 


Measured at pin © 


9 


13 




mA 


'Bb(max) 


Maximum bias current of b output 


Measured at pin © 


9 


13 




mA 


KlB(max) 


Maximum current bias ratio 


Calculated by l B a(max)/lBb(max) 


0.9 


1.0 


1.1 


A/A 


Vsat(u) 


Output saturation voltage (upper) 


l o =0. 8A, applicable to pins ®~© 




1.5 


2.2 


V 


Vsat(D) 


Output saturation voltage (lower) 


l o =0. 8A, applicable to pins ®~® 




1.0 


1.5 


V 
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TYPICAL CHARACTERISTICS 

THERMAL DERATING (MAXIMUM RATING) 



z 
o 

< 

Q. 

(/) 
CO 

Q 

oc 

UJ 

o 

CL 



4 

3.5 

3 



1.2 

1 





























1 














i 

/A? ! 


N 

X 


\ 

X 

X 








1 

1 

_ ,,_,„!_ 




1 A" ■ 
\ 


S 

X 
^ N 
•«•«> 



25 50 7075 100 125 150 
AMBIENT TEMPERATURE T a (°C) 



CIRCUIT CURRENT VS. SUPPLY VOLTAGE 





4.5 


< 




E 


4.0 


0 




_o 




h- 


3.5 


Z 




LU 




CC 




cc 




D 


3.0 


o 




H 




D 


2.5 


O 


CC 




o 






2.0 



4 6 8 10 12 14 16 18 20 
SUPPLY VOLTAGE V cc (V) 



7.0 



6.5 



O 6. 
< 



Q 

LU 
N 



< 



5.5 



5.0 



4.5 



STABILIZED VOLTAGE VS. 
SUPPLY VOLTAGE 



4 6 8 10 12 14 16 18 20 
SUPPLY VOLTAGE V cc (V) 



4.0 



£ 3. 
> 



HI 
O 
< 

-I 

o 
> 

LU 
O 

z 



IS 2.0 



3.0 



2.5 



1.5 



REFERENCE VOLTAGE VS. 
SUPPLY VOLTAGE 



4 6 8 10 12 14 16 18 20 
SUPPLY VOLTAGE V cc (V) 



CIRCUIT CURRENT VS. 
AMBIENT TEMPERATURE 

4. 5 I 1 1 1 1 1 — 




? n l I I I I I 

-50 -25 0 25 50 75 100 



AMBIENT TEMPERATURE T a (°C) 



PIN ® LEVEL SHIFT VOLTAGE 
VS. AMBIENT TEMPERATURE 

> 3.0 j 1 1 1 1 1 

1 




AMBIENT TEMPERATURE T a (°C) 
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STABILIZED OUTPUT VOLTAGE 
VS. AMBIENT TEMPERATURE 




H- -50 -25 0 25 50 75 100 



AMBIENT TEMPERATURE T a (°C ) 



PIN © LOW LEVEL VOLTAGE 
VS. AMBIENT TEMPERATURE 




LU 



O 0.25 

z 0 I I I I I I 

Q- -50 —25 0 25 50 75 100 

AMBIENT TEMPERATURE T a (°C) 



CLOCK THRESHOLD VOLTAGE 
VS. AMBIENT TEMPERATURE 



o 
I 

0) 
LU 
DC 
I 
I- 

o 
o 



5.0 



4.0 



3.0 



2.0 



1.0 













VTH4 




















V-TH3 
Vth2 

Vthi 













































-50 -25 0 25 50 75 100 
AMBIENT TEMPERATURE T a (°C) 



REFERENCE VOLTAGE VS. 
AMBIENT TEMPERATURE 



4.0 



3.5 



3.0 



2.5 



2.0 



1.5 



-50 —25 0 25 50 75 100 
AMBIENT TEMPERATURE T a (°C) 
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APPLICATION EXAMPLE 



4.7 4.7 

ML Ml ML ML A - 7 C 

4.7 — - — — 

u f W- ZJT W- J%L 



ML 



22 

fx F Z?E 



+ 



>100^100<»100<M00Q 



Q 



Q 



ON 

V . 



:2q 



ML ML ML ML ML Ml 



Mi 



o.47± ^io^^F 

kQ 



15 
kQ 



rW Ih^VW-W 



1000 
PF 



510 
kQ 



16 
kQ 



|36l |35| [3T| [32] |3T"] f30| f^l 1^7] [25] [24] [23] [22] I^Tj [20] pTj 



M51781 FP 



Ul^l^UI^UJLJUJUJLdUiJl^JUiJ 



• Pin (D Forward when 
ON and reverse when 
OFF 



• Pin © Start when ON 
and stop when OFF 



• Constant for externally J_ 
connected capacitor -1- 0. 1 // F 
when FG frequency 
=930Hz w 




ITT ITT ITT ITT ITT TTT 



14 



Rf 



15 



1.5 
kQ 

'►M/VM/W+ Rnf 
7. 5k Q 



R S <750Q 
+ ' 



FG 



±10. 022 //F 
777 



330Q < 330Q < 330Q 



777- 



18kQ 



Cref 

1^1000 < :± 0.033«F 
PF ^ ^ 

47 

777 kQ jrr 



Rref 



Note 1. The signal amplitude for the input tacho gener- 
ator should be 1mV P . P or more. 
First stage amplifier gain ~ 

1 + " G 2 C s 2 (Rs+Rf) 2 
1 + a>G*C s 2 R s 2 
where <*> G \ input tacho generator angle 
frequency 

C s must be chosen 4.7 ju F or less. The disire- 
able range of R s is obtained in the following. 



Note 2. R NF and C N f are resistor and capacitor for noise 
filtering. If the time constant is too large, the in- 
put signal is weakened. R NF and C NF should be 
chosen as follows; 

Rnf*Cnf^~t 

(O G 

Note 3. Rref and C r ef are resistor and capacitor for set- 
ting speed of motor. R re f and Cref should be 
chosen as follows; 

_ 1 
Rref-Cref- 0693 . fG 

where f G : input tacho generator frequency 
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DESCRIPTION 

The M51785P/SP is a semiconductor integrated circuit de- 
signed for a single-chip controller for FDD spindle motor, 
consisting of power amplifier, Hall ajplifier, FG amplifier, 
oscillator and speed discriminator and various protection 
circuits. 

The device shows superiority in speed switching function of 
1 : 1.2 which enables miniaturization of motor sets and cost 
reduction. 

FEATURES 

• High-accuracy, high-stability, and adjustment-free con- 
troller is possible by digital servo 



• Speed switch of 1 : 1.2 possible MOD 

• lo(peak)=1-2A 

• 2 ENABLE systems EN, EN 

APPLICATION 

FDD spindle motor (5", 3.5") 

RECOMMENDED OPERATING CONDITIONS 

Supply voltage < 10.8-12-13.2V 

Oscillating frequency 400-650kHz 

Ingector current 2.5-3-7mA 

Maximum output current 800mA 

FG OUT Load resistance 100kO 

FG amplifier input signal level v 5 or above mV P . P 

Hall amplifier input signal level --50-100-150 mV P . P 



MITSUBISHI LINEAR ICs 

M51785P,SP 

3-PHASE BRUSHLESS MOTOR CONTROL 



PIN CONFIGURATION (TOP VIEW) 



FG AMPLIFIER . H" 
INPUT (-) LI- 




36l 


INJECTION -rr 
CURRENT SET li 




35l 


U PHASE HALL fT 
INPUT ( + ) Li. 




34l 
£21 


U PHASE HALL . TT 
INPUT (-) LI 




33l 
££1 


V PHASE HALL . VT 

input ( + ) L2. 






V PHASE HALL .IT- 
INPUT(-) ^LS. 




3?1 




II 




1 




E 




H 


GND 


E 
ES 


5178; 


u 
m 




E 


cn 
TJ 


i 




E 




a 


CURRENT . nr 
DETECTION lis 




E 


W PHASE HALL . VT7 
INPUT ( + ) ^ tL= 




m 


W PHASE HALL . PT 
INPUT(-) 




m 


U PHASE «_ n? 
OUTPUT LL2 




ID 


V PHASE . [77 
OUTPUT lil 




20| 


W PHASE , |75 
OUTPUT LL2 




i9| 



. FG AMPLIFIER 

INPUT ( + ) 
„ FG AMPLIFIER OUTPUT 
(MONITOR) 
SPEED SELECT 
"(1 1.2) 
OSCILLATOR 
INPUT 
„ OSCILLATOR 
OUTPUT 

]«- ENABLE (EN) 



GND 



- ENABLE (EN) 

„ DISCRIMINATOR 

OUTPUT 
_ ERROR AMPLIFIER 

INPUT (-) 
. ERROR AMPLIFIER 

OUTPUT 

FILTER 

POWER SUPPLY 



36-pin molded plastic FLAT (shrink) 



FG AMPRIFIER 
INPUT (-) 
INJECTION 
CURRENT SET 
U PHASE HALL 
INPUT ( + ) 
U PHASE HALL 
INPUT(-) 

V PHASE HALL 
INPUT ( + ) 

V PHASE HALL 
INPUT (-) 



GND 



CURRENT 
DETECTION 
W PHASE HALL 
INPUT ( + ) 
W PHASE HALL . 
INPUT (-) 

U PHASE 
OUTPUT 
V PHASE 
OUTPUT 
W PHASE . 
OUTPUT 




FG AMPLIFIER 
INPUT ( + ) 

FG AMPLIFIER OUTPUT 
(MONITOR) 
SPEED SELECT 
(1 1.2) 

OSCILLATOR 
INPUT 

OSCILLATOR 
OUTPUT 



«- ENABLE (EN) 



GND 



ENABLE (EN) 
DISCRIMINATOR 
OUTPUT 

ERROR AMPLIFIER 
INPUT (-) 
ERROR AMPLIFIER 
OUTPUT 

FILTER 

POWER SUPPLY 



32-pin molded plastic DIP (shrink) with fin 
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BLOCK DIAGRAM 




Note Pin No=M51785P. 



ABSOLUTE MAXIMUM RATINGS (T a =25t) 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


Vcca 


Operating supply voltage 




15 


V 


lo 


Output current 




1.2 


A 


V HD 


Hall amplifier differential input voltage 


3-4, 5-6, 14-15(Pin no). 


5 


V 


Iss 


Source/sink current 


20, 21, 23, 32, 33, 36(Pin no.) 


±3 


mA 


V,N 


Pin applied voltage 


1, 3, 4, 5, 6, 14, 15, 22, 24, 31, 34(Pin no) 


0~Vcc 


V 


linj 


Injection current 




20 


mA 


V RF 


(Q) pin applied voltage 




1 


V 


Pt 


Power dissipation 


Heatsink of infinite size used 


4.5(8) 


W 


K0 


Thermal derating 


Heatsink of infinite size used 


27.8(15.6) 


°C/W 


Tj 


Junction temperature 




150 


°C 


Topr 


Operating temperature 




-20 — h75 


°C 


Tstg 


Storage temperature 




-40 — H25 


°o 


V C CB 


Quiescent supply voltage 


EN-Lo, EN-Hi. 


16 


V 



( ) Shows the value of M51785SP 
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3-PHASE BRUSHLESS MOTOR CONTROL 



ELECTRICAL CHARACTERISTICS (V C c=12V, T a =25°C, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Mm 


Typ 


Max 


1 ( 


VsirCUIl OUllclH \Cvi VJN ) 


EN = 2.5V, MOD=EN = 0.8V, excluding injec- 
tion current and FG monitor pin current. No 
load 


9 


1 8 


28 




lcc(L) 


Circuit current (EN OFF) 


Connect injection setting pin and FG monitor 
pin directly to V cc No load, EN = 0.8V, EN = 
2. 5V 




90 


300 


juA 


Vcc(OP) 


Operating supply voltage 




9 


12 


15 


V 


'inHA 


Hall amplifier input current 




— 


0.4 


4 


juA 


v N 


Phase output middle point voltage < 




5.3 


6.5 


7.3 


V 


^v N 


Difference of middle point voltage between phases 








0.2 


V 


V S at 


Output saturation, voltage 


Current flow U — V, V— W, W— U. Total of V sat 
of T r on both sides, lo=0. 7A 


_ 


2.3 


3.3 


V 


V TH 


Control input reference voltage 


FLT pin voltage producing output 


1.0 


1.1 


1.2 


V 


G v 


Voltage gain between contol input and output 


Source 




16. 65 


18. 06 


26.81 


dB 


Sink 


20. 82 


23. 80 


26.81 


AG V 


Difference of voltage gain between phases 




— 


— 


2 


dB 


Vref 


Error amplifier recerence voltage 


Measure middle level of discriminator output 


2.0 


2.2 


2.4 


V 


hnEA 


Error amplifier input current 




-2.0 


-0. 02 




juA 


VoEA 


Error amplifier output level 


Hi 




2.2 


2.5 


3. 1 


V 


Lo 


0.6 


0.8 


1.05 


V C L 


Current limiter reference voltage 


Rf pin voltage when FLT pin voltage is re- 
duced to less than 1 5V 


0. 36 


0. 40 


0. 44 


V 


V, N 


Function input threshold value 


Hi 


24, 31 , 34 


2.5 


— 


— 


V 


Lo 


— 


— 


0.8 


1 IN 


Input current at function input pin 


V| N =12V 


24,34 


500 


700 


1000 


juA 


V IN =0V 


31 


-150 


— 100 


-70 


Vinj 


Injection pin voltage 


linj=6mA 


0.6 


0.9 


1.5 


V 


VoDSC 


Discriminator output level 


Hi 
Lo 




4.1 


4.8 


5.3 


V 


0.5 


0.8 


1.2 




Discriminator count error 


+ for deceleration, —for acceleration 
fosc=61 0.2kHz 


-6 


1 


6 


A* sec 


fosc 


Oscillating frequency 


fosc=61 0.2kHz 


—0. 2 




+8. 2 


% 


IjnjMAX 


Maximum injection operationg current 


fosc=61 0.2kHz. 


17 






mA 


linjMIN 


Minimum injection operating current 


fosc=61 0.2kHz 






4 


mA 


\/ ( Ff2 ^ 

VoLV r-\oiJ 


FG amplifier output low level (monitor) 


l L =200^A 




0. 1 


0.2 


V 


M(FG) 


Leak current at FG amplifier output (monitor) pin 


12V is applied 






1.0 


MA 


VcC(SD) 


Over-voltage protection operating voltage 






16.3 




V 


T(SD) 


Thermal shutdown protection operating temperature 






150 




°C 


^T(sD) 


Thermal shutdown protection hysteresis 






25 




°C 


Vjn(FQ)MIN 


FG amplifier operating minimum input voltage 


Measure at FG monitor pin 




2.5 




mVp.p 


Vfq(nm) 


FG amplifier input noise margin 






1.0 




mVp.p 


NcLK 


Discriminator count no 


MOD=Lo 


Count error is specified in section 




1695 






MOD=Hi 


19 of ELECTRICAL CHARACTERISTICS 




2034 




fFGI_1 


Synchronous frequency 1 


MOD=Hi, fosc=610. 2kHz 




300.0 




Hz 


f FGL2 


Synchronous frequency 2 


MOD=Lo, fosc=610.2kHz 




360.0 


Hz 
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M51785P,SP 

3-PHASE BRUSHLESS MOTOR CONTROL 



THERMAL DERATING (MAXIMUM RATING) 
5 M51785P 



z 
g 

I 

CO 
CO 
Q 



o 

Q- 



i 
o 



WXLXT= 
/-50mmX50mmX2mm 

IRON HEAT SINK 




"0 25 50 75 100 125 150 
AMBIENT TEMPERATURE T a (°C ) 



THERMAL DERATING (MAXIMUM RATING) 
~ M58785SP 



8.0 



6.0 

5.0 
4. 8 
4.0 

3.0 

2.0 

1 



/WITH INFINITE H 



EAT SINK 



7FREE AIR" 



\ 



0 25 50 75 100 125 150 
AMBIENT TEMPERATURE T a (°C) 



APPLICATION EXAMPLE 



h- Q 

CD 3 O 

U-O 2 

O 0 



T 



Q 

2 |Z Z 

Q 9 Q 



C10 



__co- Jin 1$2 

O -T jO-rO -p5 



HH 

C8 



1 



36 35 34 33 32 31 '30 29 28 27 26 25 24 23 22 21 20 19 

) M51785P 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 



> 
O 



03 i , R6 V 
— J| ^AAAr-^ 




CONSTANTS 



R1 


330 a 


C1 


4. 7/uF 


R2 


3. 6kH 


C2 


0.1a<F 


C3 


0.1/iF 


R3 


0.5a 


C4 


0.1/iF 


R4 


330 a 


C5 


0.1/iF 


R5 


4.7a 


C6 


0. 22/aF 


R6 


4.7a 


C7 


0, 33/iF 


R7 


4.7a 


C8 


0. 033pF 


R8 


75k a 


C9 


220pF 


R9 


22k a 


C10 
C11 


220pF 
lOOpF 


R10 


330 a 


C12 
C13 


0.1//F 
33// F 



X1 



610. 2kHz 



Note : Open collector output at FG OUT pin 
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M51785P,SP 

3-PHASE BRUSHLESS MOTOR CONTROL 



TIMING CHART 

HALL INPUT 




<5> ® 



OUTPUT 




v+ 





1 




J 



L 



0° 180° 360° 540° 720° 

Note 1 . The waveforms shown above are different from those at actual motor operation 
Note 2. Pin No. =M51785P 



SOURCE 



SINK 
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M51785P,SP 



3-PHASE BRUSHLESS MOTOR CONTROL 



TEST DESCRIPTION 

Phase output middle point voltage 

Difference of middle point voltage between phase 



Output saturation voltage 

Control input reference voltage 

Voltage gain between control input and output 

Difference of voltage gain between phase 



-CD 

; Measure voltage 1 for each phase and av n is given in, 

AV N =AV UV =V U -Vv 

=AVvw=V v -Vw 
=AV VU =V W -V U 
— ®+® Load current 0.7A 

Control input voltage 2.2V 
-+@ Control input voltage value (V F l T ) when the output 

voltage is ©+100mV. 

-<D( source) 
®(sink) 

(D=20log Kv^VzJ/O^I 
®=20log ((V 3 -V 4 )/0.2l 
; Measure ® and ® for each phase, and ag v is given in, 
(source and sink) 
AG=AGuv == Giv(u)""Gv(v) 
= AGvw = Gv(v) ~ Gv( w) 
=ag wu =Gv(w)~"Gv(u) 




Set the values of (D to (D 
so that the output current flows 
between phases 
U— V, V— W, W-^U. 



VF1 VF2 CONTROL INPUT VOLTAGE V FLT (V) 
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MITSUBISHI LINEAR ICs 

M51785P,SP 



3-PHASE BRUSHLESS MOTOR CONTROL 



DISCRIMINATOR COUNT ERROR 

Measure the pulsewidth at 23 pin DSC OUT. The test value 
|s negative for accelerating pulse. 



0FG IN- 



50mV 



At 

— !*- 



Measure acceleration or deceleration pulse at DOSqut out- 
put, applying pulse (synchronous with Fosc) divided by 
Fosc to FG| N -in each mode. 
i^Refer to table 1 for the frequency given to FG (N . 



©DSC OUT 



Deceleration pulse 




Fig- 1 

fFQ ; FG IN INPUT FREQUENCY 
Fosc ; oscillating frequency 



Table 1 



(g)MOD 


0FGin input frequency 


L 1665 division 


Fosc/1695 


H 2034 division 


Fosc/2034 



DISCRIMINATOR OUTPUT LEVEL 

Measure V! and V 2 in Fig. 1. Vo D sc(Hi)-^ h V^ 

(Lo)-*V 2 

But, for Low(V 2 )level, measure Lo level of f FG =250Hz(acceleration pulse), 

and for High^) level, measure Hi level of f FG =400Hz (deceleration pulse). 



ENABLE FUNCTION 

Table 2 



\ EN 
EN 


Lo 


Hi 


Lo 


DISABLE 


ENABLE 


Hi 


DISABLE 


DISABLE 



pin=circuit is operated only when EN pin=Hi and EN pin=Lo 
iVEN pin-*open=Lo 
EN pin-»>open=Hi 

(But anti-noise characteristics may deteriorate if used with EN. • EN=open after mounting on the equipment.) 
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DUAL BI-DIRECTIONAL DRIVER 



DESCRIPTION 

The M51714P is a semiconductor integrated circuit for use 
in dual bi-directional micro motor. 

FEATURES 

• Superiority in mounting 

• Can be controlled by TTL level interface 

• 2-ENABLE facility 

• 1 .2A maximum output current 

APPLICATION 

General home-use equipment 

FUNCTIONAL DESCRIPTION 

The M51714P has 4 internal amplifiers, and each amplifier 
operates as current source type when the input is in the high 
level and as current sink type when the input is in the low 

level. 

Two ENABLE a re p rovided, and ENi functions in ampli- 
fiers 1 and 2 and EN2, in amplifiers 3 and 4. When the EN- 
ABLE input is in the high level, the system output is off and 
when the input is in the low level, and input-related output is 
produced. 

The circuit power supply and drive power supply are inde- 
pendently provided for power supply of the device, facilitat- 
ing free equipment design. 



PIN CONFIGURATION (TOP VIEW) 



ENABLE 1 [T 

INPUT 1 [T 

OUTPUT 1 [T 

GND [7 

GND |j[ 

OUTPUT 2 Q[ 

INPUT 2 \T 
DRIVE SUPPLY fo- 
VOLTAGE 




Tel CIRCUIT SUPPLY 
^ VOLTAGE 
15] INPUT 4 

14] OUTPUT 4 

i5]gnd 

12]gnd 
[T| OUTPUT 3 
10] INPUT 3 
9] ENABLE 2 




16-pin molded plastic DIP 



BLOCK DIAGRAM 



OUT4 GND GND OUT3 




OUTt GND GND OUT 2 
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MITSUBISHI LINEAR ICs 

M51714P 



DUAL BI-DIRECTIONAL DRIVER 



ABSOLUTE MAXIMUM RATINGS (T a =25C, unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


V m 


Drive supply voltage 




Vcc~26 


V 


V C c 


Circuit supply voltage 




V m 


V 


Vi(|N) 


Input voltage 




-0. 3—7 


V 


Vj(EN) 


Enable input voltage 




-0. 3—7 


V 


•o(max) 


Ruch current 




1.2 


A 


'o 


Output current 




0.4 


A 


Pd 


Allowable power dissipation 




2.5 


W 


Topr 


Operating temperature 




-20-+75 


°C 


Tstg 


Storage temperature 




-40 — hi 25 


°C 



RECOMMENDED OPERATING CONDITIONS (T a =?5C, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


V m 


Drive supply voltage 




5 


12 


24 


V 


Vcc 


Circuit supply voltage 


Should be less than V m 




5 


12 


V 


'o 


Output current 








300 


mA 


V|H 


High-level input voltage 


For both input and enable input 


2.8 




Vcc-1.5 


V 


v iL 


Low-level input voltage 


For both input and enable input 


0 




1.5 


V 



Note. It is desirable that enable input is in the high level and the output is off when the motor is stopped. 



ELECTRICAL CHARACTERISTICS (T a =25"C , unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


'cc 


Circuit current 


V C c=5V 

bi-derectional mode 


All enable input="H" 




4 


8 


mA 


All enable input="L" 




10 


20 


lm 


Drive supply voltage current 


V m =12V, no-load 
bi-directional mode 


AH enable input="H" 




0 




mA 


All enable input="L" 




25 


50 


Vth(in) 


Input threshold value 


V CC =5V 


1.6 


2.2 


2.7 


V 


Vth(en) 


Enable input threshold value 


V CC =5V 


1.6 


2.2 


2.7 


V 


Ijn(iN) 


Input current 


V C c— 5V(flowing to the pin) 




3.5 


20 




•in(EN) 


Enable input current 


Vcc = 5V(flowing from the pin) 




0.5 


10 


juA 


Vsat(u) 


Output saturation voltage (source) 


l o =0. 2A 




1.0 


1.6 


V 


l o =0. 4A 




1.3 


1.9 


Vsat(D) 


Output saturation voltage (sink) 


l o =0. 2A 




0.9 


1.5 


V 


l o =0. 4A 




1.0 


1.6 
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M51714P 



DUAL BI-DIRECTIONAL DRIVER 



REFERENCE DATA (T a =25°C, unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Reference value 


Unit 


tr 


Rise time 


Output 10%— 90% 


150 


ns 


tf 


Fall time 


Output 90%— 10% 


550 


ns 


tpi_H 


Output low-level to high-level prop- 
agation delay time 


Input 50%— Output 50% 


350 


ns 


tpHL 


Output high-level to low-level prop- 
agation delay time 


Input 50%— Output 50% 


400 


ns 



TRUTH TABLE 



Input 


Enable 


Output 


"H" 


"L" 


"H" 


"L" 


"L" 


"L" 


"H" 


"H" 


OFF 


"L" 


"H" 


OFF 



Note 1. ENABLE 1 functions in amplifiers 1 and 2, and ENABLE 2 functions in amplifiers 3 and 4. 
2. OFF means high impedance. 

TYPICAL CHARACTERISTICS (T a =25°C, unless otherwise noted) 

OUTPUT CURRENT VS. CIRCUIT 
THERMAL DERATING (MAXIMUM RATING) ^ ., CURRENT/DRIVE CURRENT 




AMBIENT TEMPERATURE T a CO OUTPUT CURRENT l Q (A) 
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M51714P 

DUAL BI-DIRECTIONAL DRIVER 



APPLICATION EXAMPLE 



M51714P 



UUJUJ 




M A ) 



Taj 



■ INPUT B 



-ENABLE B 



Note. A diode of small V F is used between clamps. (For example, Schottky diode) 
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DESCRIPTION 

The M54540AL, BI-DIRECTIONAL MOTOR DRIVER, consists 
of a full bridge power driver designed for a low power D-C 
motor control. 

FEATURES 

• Small single-in-line package 

• Integral diodes for transient suppression 

• PMOS compatible input 

APPLICATION 

Audio cassette tape recorder 

FUNCTION 

The M54540AL, full bridge motor driver, has the logic circuit- 
ry and non-darlington power drivers for bidirection control of 
D-C motors operating at currents of up to 600mA. 
The power supplies for the logic circuitry and the drivers are 
separated so that the applied voltage to the motor can be 
controlled by the V C c' of the driver supply voltage. 



PIN CONFIGURATION (TOP VIEW) 


POWER SUPPLY 


Vcc 


H 








DRIVER POWER SUPPLY 1 


Vcc'i 


E 








OUTPUT 1 


0, 


-n. 








INPUT 1 


IN, 


-E 




s 












CJl 






QND 


K 




o 

> 












r- 




INPUT 2 


IN 2 


-E 








OUTPUT 2 


0 2 


-E 








DRIVER POWER SUPPLY 2 


Vcc' 2 


E 










Outline 8P5 





LOGIC TRUTH TABLE 



Input 


Output 


Note 


IN, 


IN 2 


0^ 


o 2 


L 


L 


"OF&" 
state 


"OFF" 
state 


Open 


H 


L 


H 


L 


o 


L 


H 


L 


H 


o 


H 


H 


"OFF" 
state 


"OFF" 


Open 



CIRCUIT SCHEMATIC 

Vcc'i Oi 0 2 v cc'2 

r -<p(p-($<*>- 




GND 



ABSOLUTE MAXIMUM RATINGS (T a =25°C, unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


Vcc 


Supply voltage 




-0. 3 — H2 


V 


Vcc' 


Driver supply voltage 




-0. 3~V CC 


V 


V| 


Input voltage 




-0, 3— V cc 


V 


Vo 


Output voltage 




-0. 3~V cc +2.5 


V 


lo(max) 


Peak output current 


t O p=10ms, Repetitive cycle 0. 2Hz max 


±600 


mA 


lo 


Continuous output current 




±120 


mA 


Pd 


Power dissipation 


Ta=60°C 


850 


mW 


T opr 


Operating ambient temperature range 




-10 — h60 


°C 


Tstq 


Storage temperature range 




-55 — 1-125 


°C 
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BI-DIRECTIONAL MOTOR DRIVER 



RECOMMENDED OPERATING CONDITIONS (T a =25r, unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Limits 


Unit 


Min 


Typ 


Max 


Vcc 


Supply voltage 




6 


10 


11 


V 


lo 


Continuous output current 








±100 


mA 


V, H 


"H" Input voltage 




3 


5 


Vcc 


V 


v, L 


"L" Input voltage 






0 


0.4 


V 


Toff 


Input switching interval 


It is prohibited to switch the inputs at the same time. 


10 


300 




ms 



ELECTRICAL CHARACTERISTICS (T a =25°C, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


'o(leak) 


Output leakage current 


Vcc=V C c-20V 
V,i=V,2=3V 


V 0 =12V 






100 


/uA 


V o =0V 






-100 




"H" Output saturation voltage 


Vcc=V cc '=10V 
I 0 h=- 100mA 


Vn=3V, V| 2 =0V 


8 






V 


V,i=0V, V, 2 =3V 


Vol 


"L" Output saturation voltage 


Vcc=V C c-10V 
l 0L = 100mA 


Vn=3V, V, 2 =0V 






0.6 


V 


Vn=0V, V, 2 =3V 


'iH 


"H" Input current 


Vcc=V C c'=10V 


V„=3V 






500 


juA 


V| 2 =3V 


Ice 


Supply current 


V cc =Vcc-12V 


V n =3V, V| 2 =0V 




28 


40 


mA 


Vn=0V, V| 2 =3V 


Vn=0V, V,2=0V 




0 




Vn=3V, V| 2 =3V 



TYPICAL CHARACTERISTICS 

ALLOWABLE AVERAGE 

POWER DISSIPATION 



1600 
J 400 



DC 

2 J.1200 
uj § 
<2 §1000 

o 

< z 800 
Q- g 

UJ h- 

^ < 600 

is 



P 5 



400 
200 



25 



50 60 75 



100 



AMBIENT TEMPERATURE T a (°C) 



APPLICATION EXAMPLE 



R 2 =2n 



C : 

10~100,uF 



lRi=5n 



INPUT 2- 



m m 



INPUT 1 



m m m 



M54540AL 



Note 

1 . It is prohibited to switch the both inputs simultaneously. The inputs 
should be driven separately to avoid high crossover current. 

2. The pins 1 , 2 and 8 are separated and shall be connected externally. 
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BI-DIRECTIONAL MOTOR DRIVER 



DESCRIPTION 

The M54541L, BI-DIRECTIONAL MOTOR DRIVER, consists 
of a full bridge power driver designed for D-C motor control. 

FEATURES 

• 9-pin single-in-line power tab package 

• Integral diodes for transient suppression 

• 800mA output current 

• PMOS compatible input 

APPLICATIONS 

• Audio cassette tape recorder 

• Video cassette recorder 

FUNCTION 

The M54541 L, full bridge motor driver, has the logic circuitry 
and darlington-pair power drivers for bidirectional control of 
D-C motors operating at currents up to 800mA. The power 
supplies for the logic circuitry and the drivers are separated 
so that the applied voltage to the motor can be controlled by 
the V C c' of the driver power supply voltage. 



PIN CONFIGURATION (TOP VIEW) 


POWER SUPPLY 1 Vcci [± 








DRIVER POWER v , [J 
SUPPLY 1 cc1 1 — 

OUTPUT 1 Oi <-(T 






INPUT 1 IN, -*(T 
r-rr 

GND |^ 


M5454 




INPUT 2 IN 2 ->[T 


r 




OUTPUT 2 0 2 «-|T 

DRIVER POWER w , rr- 
SUPPLY 2 Vcc2 Li 




o 




POWER SUPPLY 2 V CC 2 [T 






Outline 9P9 





LOGIC TRUTH TABLE 



Input 


Output 


Note 


IN, 


IN 2 




0 2 


L 


L 


"OFF" 
state 


"OFF" 
state 


Open 


H 


L 


H 


L 


O 


L 


H 


L 


H 


O 


H 


H 


"OFF" 
state 


"OFF" 
state 


Open 



CIRCUIT SCHEMATIC 





Vcc2 



GND 
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ABSOLUTE MAXIMUM RATINGS (T a =25°C, unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


V C c 


Supply voltage 




-0. 5 — H6 


V 


Vcc 


Driver supply voltage 




-0. 5~V CC 


V 


y, 


Input voltage 




-0. 5~Vcc 


V 


Vo 


Output voltage 




-0. 5~V cc +2. 5 


V 


'o(max) 


Peak output current 


t O p=10ms, Repetitive cycle 0. 2Hz max 


±800 


mA 


lo 


Continuous output current 




±220 


mA 


Pd 


Power dissipation 


T a =60°C 


900 


mW 


T opr 


Operating ambient temperature range 




-10-+60 


°C 


Tstq 


Storage temperature range 




-55—+125 


°C 



RECOMMENDED OPERATING CONDITIONS (T a =25°C, unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Limits 


Unit 


Min 


Typ 


Max 


Vcc 


Supply voltage 




6 


14 


15 


V 


lo 


Continuous output current 








±200 


mA 


V,H 


"H" Input voltage 




3 


5 


Vcc 


V 


V, L 


"L" Input voltage 






0 


0.4 


V 


Toff 


Input switching interval 


It is prohibited to switch the inputs at the same time 


10 


300 




ms 



ELECTRICAL CHARACTERISTICS (T a =25C, unless otherw.se noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ* 


Max 


'o(leak) 


Output leakage current 


Vcc=V cc '=20V 
V,i=V, 2 =3V 


V o =20V 






100 


juA 


V o =0V 






-100 


Vqh 


"H" Output saturation voltage 


Vcc=V C c-12V 
l 0H = -200mA 


V,i=3V, V,2=0V 


9.9 


10.4 




V 


V,1=0V, V,2=3V 


Vol 


"L" Outuput saturation voltage 


Vcc=V C c-12V 
l OL =200mA 


Vn=3V, V,2=0V 




0.3 


0.7 


V 


Vn=0V, V,2=3V 


I.h 


"H" Input current 


Vcc=V cc -12V 


V,i=3V 






500 


juA 


V,2=3V 


'cc 


Supply current 


Vcc=V cc -16V 


V,i=3V, V, 2 =0V 




35 


50 


mA 


V|i=0V, V, 2 =3V 


Vn=0V, V,2=0V 




0 




V,i=3V, V| 2 =3V 



* '. The all typical values are at T a =25°C . 
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TYPICAL CHARACTERISTICS 

ALLOWABLE AVERAGE 

POWER DISSIPATION 



8 



| 1 6 

a z 4 

°- o 

CD £ 



o 

























ALU 


25cm 2 X1.5mm(t) 
MINUM HEAT SINK 










/ 
















































/ 




FREE 


AIR 



































25 



75 



50 60 

AMBIENT TEMPERATURE T a (°C) 



100 



APPLICATION EXAMPLE 



c. 

10— 100//F 



INPUT 2- 



R9=2fl 

— — 



R,=3n^ 



A A ft Ai^i A ill 



-INPUT 1 



M54541 L 



Note 

1. It is prohibited to switch the both input simultaneously The inputs 
should be driven separately to avoid high crossover current. 

2. The pins 1 , 9 and 2 , 8 are separated and shall be connected exter- 
nally. 
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M54542L 

BI-DIRECTIONAL MOTOR DRIVER 



DESCRIPTION 

The M54542L, BI-DIRECTIONAL MOTOR DRIVER, consists 
of a full bridge power driver designed for D-C motor control. 

FEATURES 

• 9-pin single-in-line power tab package 

• Integral diodes for transient suppression 

• 1 . 2A output current 

• PMOS compatible input 

APPLICATIONS 

• Audio, video cassette recorders 

• Floppy disk driver 

FUNCTION 

The M54542L, full bridge motor driver, has the logic circuitry 
and darlington-pair power drivers for bidirectional control of 
D-C motors operating at currents up to 1 . 2A. 
The power supplies for the logic circuitry and the drivers are 
separated so that the applied voltage to the motor can be 
controlled by the V C c' of the driver power supply voltage. 



PIN CONFIGURATION (TOP VIEW) 


POWER SUPPLY 1 V cc1 [T 
DRIVER POWER SUPPLY! V cc 'i (T 




o 




OUTPUT 1 0, «-[T 






INPUT 1 IN, — (T 


2 




GND \J 
INPUT 2 IN 2 -*[T 


54542L 




OUTPUT 2 02 *-|T 






DRIVER POWER SUPPLY 2 V cc '2 Q[ 




Co 




POWER SUPPLY 2 V CC 2 Q[ 






Outline 9P9 





LOGIC TRUTH TABLE 



INPUT 


OUTPUT 


NOTE 


INi 


IN 2 


0, 


0 2 


L 


L 


"OFF" 
state 


"OFF" 
state 


Open 


H 


L 


H 


L 


O 


L 


H 


L 


H 


O 


H 


H 


"OFF" 
state 


"OFF" 
state 


Open 



CIRCUIT SCHEMATIC 



Voc,3> 



Oi 0 2 



V C C2 
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ABSOLUTE MAXIMUM RATINGS (T a =25'C, unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


Vcc 


Supply voltage 




-0. 5 — H6 


V 


Vcc 


Driver voltage 




-0. 5~V CC 


V 


V, 


Input voltage 




-0. 5— V cc 


V 


V 0 


Output voltage 




-0. 5~V cc +2. 5 


V 


'o(max) 


Peak output current 


t o p = 10ms 

Repetitive cycle 0. 2Hz max 


±1200 


mA 


lo 


Continuous output current 




±330 


mA 


Pd 


Power dissipation 


T a =60°C 


1000 


mW 


T opr 


Operating ambient temperature range 




-10 — H60 


°C 


Tstq 


Storage temperature range 




-55 — H25 


°C 



RECOMMENDED OPERATING CONDITIONS (T a =25*C, unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Limits 


Unit 


Min 


Typ 


Max 


Vcc 


Supply voltage 




6 


14 


15 


V 


lo 


Continuous output current 








±300 


mA 


V,h 


"H" Input voltage 




3 


5 


Vcc 


V 


V, L 


"L" Input voltage 






0 


0.4 


V 


Tqff 


Input switching interval 


It is prohibited to switch the inputs at the same time. 


10 


300 




ms 


ELECTRICAL CHARACTERISTICS (T a =25°C, unless otherwise noted) 


Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ* 


Max 


lo(leak) 


Output leakage current 


Vcc=V CC -20V 
V n =Vi2=3V 


V o =20V 






100 


//A 


V 0 =OV 






-100 


Vqh 


"H" Output saturation voltage 


Vcc=V CC -12V 
I 0 h= -300mA 


Vn=3V, V,2=0V 


9.7 


10.2 




V 


V n =0V, V, 2 =3V 


V OL 


"L" Output saturation voltage 


Vcc=V C c'=12V 
l 0L = 300mA 


Vn=3V, V, 2 =0V 




0.9 


1.4 


V 


V,i=0V, V,2=3V 


l,H 


"H" Input current 


Vcc=Vcc'=12V 


V,i=3V 






500 


juA 


V, 2 =3V 


Ice 


Supply current 


Vcc=V C c-16V 


V,i=3V, V, 2 =0V 




7 


10 


mA 


Vn=0V, V, 2 =3V 


Vn=0V, V| 2 =0V 




0 




Vn=3V, V, 2 =3V 



f : The all typical values are at T a =25t 
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TYPICAL CHARACTERISTICS 

ALLOWABLE AVERAGE 

POWER DISSIPATION 



8 



I? 

Q. -X 



O 

°- o 

UJ K 

d < 



CO 

< 

q q 



£ 2 



25 

























ALU 


25cm 2 X1.5mm(t) 
MINUM HEAT SINK. 










/ 
















































/ 


/ 


FREE 


: AIR 



































50 60 75 



100 



AMBIENT TEMPERATURE T a (°C) 



APPLICATION EXAMPLE 



c._ 

10~100//F^ 



INPUT 2- 



R 2 =3fl 

<WV 



R,=2H: 



-INPUT1 



M54542L 



Note 

1. It is prohibited to switch the both inputs simultaneously. The inputs 
should be driven separately to avoid high crossover current. 

2. The pins 1 , 9 and 2 , 8 are separated and shall be connected exter- 
nally. 
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DESCRIPTION 

The M54543L, BI-DIRECTIONAL MOTOR DRIVER, consists 
of a full bridge power driver designed for D-C motor control. 

FEATURES 

• Wide operating voltage range (V C c = 4 ~16V) 

• TTL, PMOS and CMOS compatible input 

• Low output saturation voltage 

• Integral diodes for transient suppression 

• 1 . 2A output current 

• Braking mode input 

APPLICATION 

Audio, video cassette recorder 

FUNCTION 

The M54543L, full bridge motor driver, has the logic circuitry 
and non-darlington power drivers for bidirectional control of 
D-C motors operating at currents up to 1.2A. A braking 
mode by switching the both inputs high may make easier to 
control the motor. The both of the separated power supplies 
for the logic circuitry and the drivers are usable for motor 
speed control. 



PIN CONFIGURATION (TOP VIEW) 


PHWFR SUPPLY 1 


Y CC1 


rr 


Is. 




DRIVER POWER SUPPLY 1 


Vcc'i 


E 




OUTPUT 2 


o 2 


-n 






INPUT 1 


INi 


-E 








GND 


IT 
LL 


5454 










CO 




INPUT 2 


IN 2 




1— 




OUTPUT 1 


Ot 


-E 






DRIVER POWER SUPPLY 2 


Vcc' 2 


n. 






POWER SUPPLY 2 


V C C2 


E 




Outline 


9P9 





LOGIC TRUTH TABLE 



INPUT 


OUTPUT 


NOTE 


INi 


IN 2 


Oi 


0 2 


L 


L 


"OFF" 
state 


"OFF" 
state 


Open 


H 


L 


H 


L 


o 


L 


H 


L 


H 


o 


H 


H 


L 


L 


Braking 



CIRCUIT SCHEMATIC 

Vcci 

r-Q>- 



VcC2 





> 




— <3> 

INi 





GND IN 2 
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ABSOLUTE MAXIMUM RATINGS (T a =25 0 C, unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


V C c(i) 


Supply voltage (1) 




-0. 5 — H6 


V 


Vcc (2) 


Supply voltage (2) 


With an external heat sink {3000mm 2 X1.5mm) 


-0. 5 — H20 


V 


Vcc' 


Driver supply voltage 




-0.5 — hi 6 


V 


V, 


Input voltage 




0~Vcc 


V 


Vo 


Output voltage 




-0. 5~V cc '+2. 5 


V 


'o(max) 


Peak output current 


t O p=10ms: Repetitive cycle 0. 2Hz max 


±1.2 


A 


•on) 


Continuous output current (1 ) 




±330 


mA 


•o(2) 


Continuous output current (2) 


With an external heat sink (3000mm 2 X1.5mm) 


±600 


mA 


Pd 


Power dissipation 


T a =75°C 


1. 15 


W 


Topr 


Operating ambient temperature range 




-10 — h75 


°C 


T sta 


Storage temperature range 




-55~+125 


°C 



RECOMMENDED OPERATING CONDITIONS (T a =25°C, unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Limits 


Unit 


Min 


Typ 


Max 


Vcc 


Supply voltage 




4 


12 


15 


V 


'o 


Continuous output current 








±300 


mA 


V,H 


"H" Input voltage 




2 




Vcc 


V 


V IL 


"L" Input voltage 




0 




0.4 


V 


t B 


Motor braking interval 




100 






ms 



ELECTRICAL CHARACTERISTICS (T a =25 0 C, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


'o(leak) 


Output leakage current 


Vcc=V CC -20V 
V,i=V| 2 =0V 


V o =20V 






100 


juA 


v 0 =ov 






-100 


V 0 H (1) 


"H" Output saturation voltage (1) 


Vcc=V cc '=12V 


Vn=2V 
V| 2 =0V 


Ioh (i)= -300mA 


10.8 






V 


'oh (i)=— 500mA 


10.7 






V 0 H (2) 


"H" Output saturation voltage (2) 


Vcc=V cc -12V 


V n =0V 
V,2=2V 


l 0H (2 )= -300mA 


10.8 






V 


Ioh (2)=— 500mA 


10.7 






VoL(l) 


"L" Output saturation voltage (1) 


Vcc=V CC -12V 


V„=0V 
V, 2 =2V 


l O i_(i)=300mA 






0.5 


V 


loL(i)=500mA 






0. 65 


Vn=V,2=2V 






0.65 


Vol (2) 


"L" Output saturation voltage (2) 


V cc =Vcc=12V 


Vn=2V 
V,2=0V 


l O L(2)=300mA 






0.5 


V 


loL(2)=500mA 






0. 65 


V,i=V,2=2V 






0. 65 


'lH(l) 


"H" Input current (1) 


Vcc=V C c'=12V, V,i=2V, V,2=0V 


70 




200 


MA 


'iH (2) 


"H" Input current (2) 


Vcc=V C c'=12V, Vn=0V, V,2=2V 


70 




200 


UA 


Ice 


Supply current 


Vcc=V CC -16V 


Vn=2V, V,2=0V 






40 


mA 


V n =0V, V| 2 =2V 


Vn=V, 2 =2V 






60 


V|i=V,2=0V 




0 
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TYPICAL CHARACTERISTICS 

ALLOWABLE AVERAGE 

POWER DISSIPATION 




APPLICATION EXAMPLES 

1) Motor speed control by V cc and V cc ' 



R 2 =3H 



V B o- 



cijr 

10-1 00// F 



INPUT 2 o- 



Ri=2n< 



INPUT 1 



M54543L 



AMBIENT TEMPERATURE T a (°C) 



2) Motor speed control by the Vcc' 



Note 

When the V C c' is lower than the V cc . the current will flow from the V cc 
to the V C c' and may drive the motor. 

The M54544L may be recommended to have the wider control voltage 
range of the V C c'. 



Czjr 
1-10//F 



INPUT 2o- 



2a 



10-1 00// F 



m m m 



INPUT 1 



m m m pi 



M54543L 



3) Motor speed control by the V C c 



V cc ' o- 



Czp: 
1-10//F 
INPUT 2 o- 



20 

-Wr- 



rsi iti [D in fti fti f^i rti 



10-1 00// F 



Cu 



INPUT 1 

o 



M54543L 
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DESCRIPTION 

The M54543AL, BI-DIRECTIONAL MOTOR DRIVER, consists 
of a full bridge power driver designed for D-C motor control. 

FEATURES 

• Wkle operating voltage range (V cc = 4 ~16V) 

• TTL, PMOS and CMOS compatible input 

• Low output saturation voltage 

• Integral diodes for transient suppression 

• 1. 2A output current 

• Braking mode input 

• Internal thermal shutdown protection 

APPLICATION 

Audio, video cassette recorder 

FUNCTION 

The M54543AL, full bridge motor driver, has the logic circuit- 
ry and non-darlington power drivers for bidirectional control 
of D-C motors operating at currents up to 1.2A. A braking 
mode by switching the both inputs high may make easier to 
control the motor. The both of the separated power supplies 
for the logic circuitry and the drivers are usable for motor 
speed control. 

LOGIC TRUTH TABLE 



PIN CONFIGURATION (TOP VIEW) 

POWER SUPPLY 1 Vcci 
DRIVER POWER SUPPLY 1 V cc ' 
OUTPUT 2 
INPUT 1 

INPUT 2 
OUTPUT 1 

DRIVER POWER SUPPLY 2 V C c2 

POWER SUPPLY 2 V cc2 

Outline 9P9 




INPUT 


OUTPUT 


NOTE 


IN, 


IN 2 


Oi 


o 2 


L 


L 


"OFF" 
state 


"OFF" 
state 


Open 


H 


L 


H 


L 


o 


L 


H 


L 


H 


o 


H 


H 


L 


L 


Braking 



BLOCK DIAGRAM 

Vcc. 



Vcc'i 



VCC2 




SO 
OCI— 
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ABSOLUTE MAXIMUM RATINGS (T a =25'C, unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


V CC(1) 


Supply voltage (1 ) 




0 5^_|_ig 




V C C(2) 


Supply voltage (2) 


With an external heat sink (3000mm 2 X 1.5mm) 


-0. 5 — h20 


V 


V C c' 


Driver supply voltage 




-0. 5 — 1-16 


V 


v, 


Input voltage 




0~Vcc 


V 


Vo 


Output voltage 




-0. 5~Vcc'+2. 5 


V 


'o(max) 


Peak output current 


t op =10ms: Repetitive cycle 0. 2Hz max 


±2 


A 


'o(i) 


Continuous output current (1 ) 




±330 


mA 


•o(2) 


Continuous output current (2) 


With an external heat sink (3000mm 2 XI. 5mm) 


±600 


mA 


Pd 


Power dissipation 


T a =75t 


1.15 


W 


T opr 


Operating ambient temperature range 




-10 — h75 


°C 


Tstq 


Storage temperature range 




-55 — H25 


°C 



RECOMMENDED OPERATING CONDITIONS (T a =25°C, unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Limits 


Unit 


Mm 


Typ 


Max 


Vcc 


Supply voltage 




4 


12 


15 


V 




Continuous output current 








±300 


mA 


V,h 


"H" Input voltage 




2 




Vcc 


V 


v, L 


"L" Input voltage 




0 




0.4 


V 


t B 


Motor braking interval 




100 






ms 


Ti(shut) 


Thermal shutdown temperature 


Junction temperature 




150 




°C 



ELECTRICAL CHARACTERISTICS (T a =25°C, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


•o(leak) 


Output leakage current 


Vcc=V C c'=20V 
Vi,=V,2=0V 


V o =20V 






100 


juA 


V o =0V 






-100 


V 0 H (1) 


"H" Output saturation voltage (1) 


V C c=Vcc'=12V 


Vn=2V 
V,2=0V 


l 0H (i)= -200mA 


10.8 






V 


Ioh(i)= -500mA 


10.7 






V 0 H (2) 


"H" Output saturation voltage (2) 


Vcc=V CC -12V 


V,i=0V 
V, 2 =2V 


l OH (2)=-200mA 


10.8 






V 


Ioh (2)=— 500mA 


10.7 






V 0 L(1) 


"L" Output saturation voltage (1) 


Vcc=V CC -12V 


Vn=0V 
V, 2 =2V 


l OL (i)=200mA 






0.5 


V 


IolO)— 500mA 






1.35 


V,i=V| 2 =2V 






1.35 


Vol (2) 


"L" Output saturation voltage (2) 


Vcc=V CC -12V 


V n =2V 
V,2=0V 


l O L(2)=200mA 






0.5 


V 


Iol (2)= 500mA 






1.35 


V|i=V| 2 =2V 






1.35 


l|H(1) 


"H" Input current (1) 


Vcc=V C c'=12V, V n =2V, V,2=0V 


50 




120 


juA 


l|H(2) 


"H" Input current (2) 


V cc =Vcc -12V, V n =0V, V,2=2V 


50 




120 


juA 


Ice 


Supply current 


Vcc=V C c'=16V 


Vn=2V, V, 2 =0V 






20 


mA 


V,i=0V, V| 2 =2V 


V n =V| 2 =2V 






20 


V|i=V| 2 =0V 






4 
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TYPICAL CHARACTERISTICS 



ALLOWABLE AVERAGE 

POWER DISSIPATION 



LU 

1 1 

o °- 

Q- o 



o 5 

















ALU 


vlINU 


cm a 
M H 


. omm 
EAT J 


SINK 






























































FREE 


.AIR 



































25 



50 



75 



100 



AMBIENT TEMPERATURE T a (°C) 



APPLICATION EXAMPLES 

1) Motor speed control by V C c and V C c' 



Cz|r 

10-100//F 



INPUT 2 



R 2 =3D 

— Vv\ 



Ri=2ns 



m fil 1^ rh dn rki 4,01 



INPUT 1 



M54543AL 



2) Motor speed control by the V C c 



Note 

When the V C c' is lower than the V C c. the current will flow from the V C c 
to the V C c' and may drive the motor. 

The M54544AL may be recommended to have the wider control voltage 
range- of the V C c • 



Vcc o- 



Czjr 
1-10//F 



INPUT 2 o- 



2f2 



n 



J0~100//F 



i9i rti m 



m iti m m 



INPUT 1 



M54543AL 



3) Motor speed control by the V C c 



1~10,uF 



Vcc'o- 



2fl 

— wv — 



10~100^F 
INPUT 2 o- 



INPUT1 

o 



ft] rtl m fei rsi rti rft rft rti 



M54543AL 
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DESCRIPTION 

The M54544L, BI-DIRECTIONAL MOTOR DRIVER, consists 
of a full bridge power driver designed for D-C motor control. 

FEATURES 

• Wide operating voltage range (V C c = 4 ~16V) 

• TTL, PMOS and CMOS compatible input 

• Low output saturation voltage 

• Integral diodes for transient suppression 

• 1. 2A output current 

• Braking mode input 

APPLICATION 

Audio, video cassette recorders 

FUNCTION 

The M54544L, full bridge motor driver, has the logic circuitry 
and non-darlington power drivers for bidirectional control of 
D-C motors operating at currents up to 1.2A. A braking 
mode by switching the both inputs high may make easier to 
control the motor. The both of the separated power supplies 
for the logic circuitry and the drivers are usable for motor 
speed control. The power supply for the predriver is con- 
nected with the driver power supply to have a wider control 
range of motor supply voltage. 



PIN CONFIGURATION (TOP VIEW) 

POWER SUPPLY 1 Vcci 
DRIVER POWER SUPPLY 1 v cc 'i 
OUTPUT 2 0 2 < 
INPUT 1 INt - 

GND 
INPUT 2 |N 2 . 
OUTPUT 1 O, 
DRIVER POWER SUPPLY 2 V cc ' 2 
POWER SUPPLY 2 V CC 2 

Outline 9P9 




LOGIC TRUTH TABLE 



Input 


Output 


Note 


IN, 


IN 2 


Oi 


o 2 


L 


L 


"OFF" 
state 


"OFF" 
state 


Open 


H 


L 


H 


L 


O 


L 


H 


L 


H 


O 


H 


H 


L 


L 


Braking 



CIRCUIT SCHEMATIC 




INi GND IN 2 
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ABSOLUTE MAXIMUM RATINGS (T a =25r, unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


Vccd) 


Supply voltage (1 ) 




—0. 5 — hi 6 


V 


Vcc (2) 


Supply voltage (2) 


With an external heat sink (3000mm 2 X 1.5mm) 


-0.5 — h20 


V 


Vcc' 


Driver supply voltage 




-0. 5 — h16 


V 


V, 


Input voltage 




0~V CC 


V 


Vo 


Output voltage 




-0.5~V cc '+2.5 


V 


'o(max) 


Peak output current 


top=10ms: Repetitive cycle 0. 2Hz max 


±1,2 


A 


'o(i) 


Continuous output current (1) 




±330 


mA r 


•o(2) 


Continuous output current (2) 


With an external heat sink (3000mm 2 X 1.5mm) 


±600 


mA 


Pd 


Power Dissipation 


T a =75°C 


1.15 


W 


Topr 


Operating ambient temperature range 




-10 — h75 


°C 


Tstg 


Storage temperature range 




-55-+125 





RECOMMENDED OPERATING CONDITIONS (T a =25t, unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Limits 


Unit 


Min 


Typ 


Max 


Vcc 


Supply voltage 




4 


12 


15 


V 


lo 


Continuous output current 








±300 


mA 


V,h 


"H" Input voltage 




2 




Vcc 


V 


V, L 


"L" Input voltage 




0 




0.4 


V 


t B 


Motor braking interval 




100 






ms 



ELECTRICAL CHARACTERISTICS (T a =25'C, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


'o(leak) 


Output leakage current 


Vcc=V cc -20V 
Vii=V, 2 =0V 


V o =20V 






100 




V o =0V 






-100 


VoH(1) 


"H" Output saturation voltage (1 ) 


Vcc=V cc -12V 


V,i=2V 

v, 2 =ov 


'oh (i)=— 300mA 


10.8 






V 


'oh (i)=— 500mA 


10.7 






V 0 H (2) 


"H" Output saturation voltage (2) 


Vcc=V C c'=12V 


V,2=2V 


Ioh (2)=— 300mA 


10.8 






V 


Ioh (2)= -500mA 


10.7 






Volo) 


"L" Output saturation voltage (1 ) 


Vcc=Vcc'=12V 


Vn=0V 
V, 2 =2V 


loLO^OOmA 






0.5 


V 


Iol (i)=500mA 






0. 65 


Vn=V, 2 =2V 






0. 65 


Vol (2) 


"L" Output saturation voltage (2) 


Vcc=V cc -12V 


V,i=2V 
V, 2 =0V 


Iol (2)=300mA 






0.5 


V 


l O L(2)=500mA 






0.65 


V|i=V,2=2V 






0. 65 


'lH(l) 


"H" Input current (1 ) 


Vcc^Vcc-^V, Vn=2V, V| 2 =0V 


70 




200 


MA 


'iH (2) 


"H" Input current (2) 


V C c=Vcc -12V , Vn=0V , V, 2 =2V 


70 




200 


MA 


• cc 


Supply current 


Vcc=V C c-16V 


V,i=2V, V,2=0V 






30 


mA 


Vn=0V , V, 2 =2V 


V,i=V, 2 =2V 






60 


V|i=V,2=0V 




0 





6-i 



A MITSUBISHI 
ELECTRIC 



MITSUBISHI BIPOLAR DIGITAL ICs 

M54544L 



BI-DIRECTIONAL MOTOR DRIVER 



TYPICAL CHARACTERISTICS 

ALLOWABLE AVERAGE 

POWER DISSIPATION 
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lu «S 
O E 

2 2 

is' 

4 5 



» 2 





















ALU 


MINI 


Ota 
JM H 


.bmm 
EAT 


o— 

SINK 
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APPLICATION EXAMPLES 



1) Motor speed control by V C c and V cc ' 



V B o- 



R 2 =30 



10-1 00^ F 



INPUT 2 o- 



Ri=2n : 



Voc'i 



V CC 2 _L 



INPUT 1 



M54544L 



2) Motor speed control by the Vcc' 



Vcco- 

10-100/uF 
INPUT 2 o- 



2n 



Vcc' 2 



C2C+ 



V CC 2 



r 

rh- rfr 



1-10//F 



fk lil f7| ill m rh rti r^i rh 



INPUT 1 



Vcci 



M54544L 
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DESCRIPTION 

The M54544AL, BI-DIRECTIONAL MOTOR DRIVER, consists 
of a full bridge power driver designed for D-C motor control. 

FEATURES 

• Wide operating voltage range (V C c = 4 ~16V) 

• TTL, PMOS and CMOS compatible input 

• Low output saturation voltage 

• Integral diodes for transient suppression 

• 1 . 2A output current 

• Braking mode input 

• Internal thermal shutdown protection 

APPLICATION 

Audio, video cassette recorders 

FUNCTION 

The M54544AL, full bridge motor driver, has the logic circuit- 
ry and non-darlington power drivers for bidirectional control 
of D-C motors operating at currents up to 1.2A. A braking 
mode by switching the both inputs high may make easier to 
control the motor. The both of the separated power supplies 
for the logic circuitry and the drivers are usable for motor 
speed control. The power supply for the predriver is con- 
nected with the driver power supply to have a wider control 
range of motor supply voltage. 

LOGIC TRUTH TABLE 



PIN CONFIGURATION (TOP VIEW) 


POWER SUPPLY 1 


Vcci 


EE 






DRIVER POWER SUPPLY 1 


Vcc'i 


II 




OUTPUT 2 


o 2 «-[7 






INPUT 1 


in, -nr 








GND 


E 


54544 




INPUT 2 


IN 2 ->[T 


> 




OUTPUT 1 


0, «-[7 






DRIVER POWER SUPPLY 2 


V C C2 


E 






POWER SUPPLY 2 


V C C2 


E 




Outline 


9P9 



Input 


Output 


Note 


IN, 


IN 2 


0, 


0 2 


L 


L 


"OFF" 
state 


"OFF" 
state 


Open 


H 


L 


H 


L 


O 


L 


H 


L 


H 


O 


H 


H 


L 


L 


Braking 



BLOCK DIAGRAM 

V001 

l — G>- 



-0>- 




THERMAL I 
SHUTDOWN 



CONTROL 
CIRCUIT 



Vcc-2 



V002 

-CD- 




<i) d>- 

IN, GND 



IN 2 
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ABSOLUTE MAXIMUM RATINGS (T a =25°C, unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


Vcc (i) 


Supply voltage (1) 




-0.5 — H6 


V 


Vcc (2) 


Supply voltage (2) 


With an external heat sink (3000mm 2 X1.5mm) 


-0. 5 — h20 


V 


Vcc' 


Driver supply voltage 




-0. 5 — H6 


V 


v, 


Input voltage 




0~Vcc 


V 


V 0 


Output voltage 




-0. 5~V cc '+2. 5 


V 


'o(max) 


Peak output current 


Repetitive cycle 0. 2Hz max 


±2 


A 


lo (1) 


Continuous output current (1) 




±330 


mA 


lo (2) 


Continuous output current (2) 


With an external heat sink (3000mm 2 X 1.5mm) 


±600 


mA 


Pd 


Power Dissipation 


T a =75°C 


1.15 


W 


Topr 


Operating ambient temperature range 




-10 — h75 


°C 


Tstg 


Storage temperature range 




-55-+125 


°C 



RECOMMENDED OPERATING CONDITIONS (T a =25°C, unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Limits 


Unit 


Min 


Typ 


Max 


Vcc 


Supply voltage 




4 


12 


15 


V 


lo 


Continuous output current 








±300 


mA 


V,h 


"H" Input voltage 




2 




Vcc 


V 


V IL 


"L" Input voltage 




0 




0.4 


V 


t B 


Motor braking interval 




10 


100 




ms 


Tj(shut) 


Thermal shutdown temperature 


junction temperature 




150 




°C 



ELECTRICAL CHARACTERISTICS (T a =25°C, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


'o(leak) 


Output leakage current 


Vcc=V cc -20V 
Vn=Vi2=0V 


V o =20V 






100 


juA 


V 0 =OV 






-100 


V 0 H (1) 


"H" Output saturation voltage (1) 


Vcc=V cc -12V 


V,i=2V 
V,2=0V 


l 0H (i)= -200mA 


10.8 






V 


Ioh(i)=— 500mA 


10.7 






V 0 H (2) 


"H" Output saturation voltage (2) 


Vcc=V CC -12V 


Vn=0V 
V,2=2V 


l OH (2)=-200mA 


10.8 






V 


Ioh (2)—"~ 500mA 


10.7 






VOLO) 


"L" Output saturation voltage (1) 


Vcc=V C c-12V 


Vn=0V 
V,2=2V 


l O L(i)=200mA 






0.5 


V 


l OL (i)=500mA 






1.35 


V n =V l2 =2V 






1.35 


Vol (2) 


"L" Output saturation voltage (2) 


Vcc=V C c-12V 


V n =2V 
V| 2 =0V 


l OL (2)=200mA 






0.5 


V 


l OL (2)=500mA 






1.35 


Vn=V,2=2V 






1.35 


'iH (1) 


"H" Input current (1) 


V CC =Vcc -12V , V,i=2V , V,2=0V 


50 




120 


juA 


l|H (2) 


"H" Input current (2) 


Vcc=V C c -12V , V,i=0V , V, 2 =2V 


50 




120 


MA 


'cc 


Supply current 


Vcc=V cc -16V 


Vn=2V, V, 2 =0V 






15 


mA 


Vn=0V, V| 2 =2V 


Vn=V, 2 =2V 






20 


V,i=V|2=0V 






4 
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APPLICATION EXAMPLES 

1) Motor speed control by V cc and V C c' 



R 2 =30 

V B 0 f Wr 



10-1 QOju F 



INPUT 2 o- 



V C C2, 



Vcc' 2 



R,=203 



Vcc'i 



mmmmmreimram 



INPUT 1 



M54544AL 



2) Motor speed control by the V C c' 



V cc o- 



1-10//F 



INPUT 2 o- 



2fl 



V CC 2, 



Vcc' 2 



10-1 00^ F 



mm ftl ftl 



INPUT 1 



m rh 



M54544AL 
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DESCRIPTION 

The M54545L, BI-DIRECTIONAL MOTOR DRIVER, consists 
of a full bridge power driver designed for D-C motor control. 

FEATURES 

• Wide operating voltage range (V C c = 3 ~16V) 

• Low output saturation voltage 

• Integral diodes for transient suppression 

• 1 . 2A output current 

• Braking mode input 

• Low standby current 

APPLICATION 

Audio, video cassette recorder 

FUNCTION 

The M54545L, full bridge motor driver, has the logic circuitry 
and the quasi-darlington power driver for bidirectional con- 
trol of D-C motors operating at currents up to 1.2A. A brak- 
ing mode by switching the both inputs high may make easier 
to control the motor. The power supplies for the logic circuit- 
ry, the predrivers and the power drivers are separated so 
that the application circuit with the M54545L can be easily 
optimized for lower power consumption. 

LOGIC TRUTH TABLE 



PIN CONFIGURATION (TOP VIEW) 



EXTERNAL DRIVER l B 
DRIVER POWER SUPPLY v cc ' [7 
OUTPUT 2 0 2 
INPUT 1 IN, 

GND 
INPUT 2 ,IN 2 
OUTPUT 1 Oi 
PREDRIVER SUPPLY V R 
POWER SUPPLY Vcc 

Outline 9P9 




Input 


Output 


Note 


INi 


IN 2 


Oi 


o 2 


Ib 


L 


L 


"OFF" 
state 


"OFF" 
state 


H 


Off 


H 


L 


H 


L 


H 


O 


L 


H 


L 


H 


L 


O 


H 


H 


L 


L 


H 


Braking 



CIRCUIT SCHEMATIC 




0 2 Oi 

<3W7>- 



V R Vcc 




IN, GND IN 2 
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ABSOLUTE MAXIMUM RATINGS (T a =25°C, unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


V C c 


Supply voltage 




-0. 5~+16 


V 


v R 


Predriver supply voltage 




-0. 5 — h16 


V 


V CC ' 


Driver supply voltage 




-0. 5~+16 


V 


v. 


Input voltage 




0~V CC 


V 


Vo 


Output voltage 




-0. 5~V cc '+2. 5 


V 


'o(max) 


Peak output current 


t op =10ms V C c^5V : Repetitive cycle 0.2Hz max 


±1.2 


A 


lo 


Continuous output current 




±330 


mA 


Pd 


Power dissipation 


T a =75°C 


1.15 


W 


Topr 


Operating ambient temperature range 




-10 — h75 


°C 


Tstq 


Storage temperature range 




-55 — hi 25 


°C 



RECOMMENDED OPERATING CONDITIONS (T a =25 e C, unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Limits 


Unit 


Min 


Typ 


Max 


Vcc 


Supply voltage 




3 


12 


15 


V 


•o 


Continuous output current 








±200 


mA 


V, H 


"H" Input voltage 




3 




Vcc 


V 


V IL 


"L" Input voltage 




0 




0.4 


V 


t B 


Motor braking interval 




100 






ms 



ELECTRICAL CHARACTERISTICS (Tg— 25 C, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


'o(leak) 


Output leakage current 


Vcc=Vr=V C c'=16V 
Vn=V, 2 =0V 


V 0 =16V 






100 


/uA 


V o =0V 






-100 


V 0 H (1) 


"H" Output saturation voltage (1) 


Vcc=Vr=V C c'=12V 
I 0 h= -200mA 


V n =3V, V |2 =0V 


10.8 






V 


V 0 H (2) 


"H" Output saturation voltage (2) 


V n =0V, V,2=3V 


10.8 






V 


V 0 L(1) 


"L" Output saturation voltage (1) 


Vcc==Vr=V C c'=12V 
l 0L (i)=200mA 


V n =0V, V, 2 -3V 






0.4 


V 


Vn=3V, V| 2 =3V 


Vol (2) 


"L" Output saturation voltage (2) 


Vcc=Vr=V C c-12V 
l OL (2)=200mA 


Vn=3V, V,2=0V 






0.4 


V 


Vn=3V, V,2=3V 


l|H (1) 


"H" Input current (1 ) 


V cc =Vr=Vcc-12V 


Vn=3V, V, 2 =0V 






700 




l|H(2) 


"H" Input current (2) 


Vcc=Vr=V cc '-12V 


V n =0V, V,2=3V 






700 


juA 


Ice 


Supply current 


V cc =V R =Vcc'=12V 


Vn=0V, V,2=0V 






5 


mA 


V,i=3V, V| 2 =0V 






10 


Vn=0V, V, 2 =3V 


Ib 


Ib Output current 


Vcc=Vr=V C c -12V, V,b=12V, V,i=0V, V |2 =3V 


1.0 




15.0 


mA 
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TYPICAL CHARACTERISTICS 

ALLOWABLE AVERAGE 

POWER DISSIPATION 
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2) Motor speed control by the V R and V C c 



APPLICATION EXAMPLES 

1) Motor speed control by V cc and V C c' 

R 2 =3n 



C 21 

1 0-100// F 



Ri=2fi: 



INPUT 2 ^ 



~ rli rk i 



lal fflmm rsimmgim 



INPUT 1 



M54545L 



3) Motor speed control by the V C c' 



C2jr 

1-10//F 



INPUT2Q- 



2a 



+ 

c± 



Vcc' 

—a 



c ± 



10-1 66m F 1-10//F 

INPUT 1 
o INPUT 2 c- 



M54545L 



m iti m 



m fii m 



2n 

— ^ 



ci 1 



1 

10-1 00// F 

INPUT 1 



fll fti m 



M54545L 



4) Motor speed control by the V R and V C c' 



5) Motor speed control by the V R 



Vcc c— 



C 

1-10//F ' 



INPUT 2 o- 



10-100//F' 



m m m 



roi r^i m 



C 1-10//F 



+ 



1-10//F 

INPUT 1 
° INPUT 2o — 



rci rel in 



M54545L 



1 



r^r8ir7irfiimitir3imrn 



2n 

rVW- 



C2£ 



10-1 00// F 

INPUT 1 

O 



M54545L 
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DESCRIPTION 

The M54546L, BI-DIRECTIONAL MOTOR DRIVER, consists 
of a full bridge power driver designed for D-C motor control. 

FEATURES 

• Wide operating voltage range (V cc = 4 ~16V) 

• TTL, PMOS and CMOS compatible input 

• Low output saturation voltage 

• Integral diodes for transient suppression 

• Small single-in-line package 

• Braking mode input 

APPLICATION 

Audio, video cassette recorder 

FUNCTION 

The M54546L, full bridge motor driver, has the logic circuitry 
and non-darlington power drivers for bidirectional control of 
D-C motors operating at currents up to 700mA. A braking 
mode by switching the both inputs high may make easier to 
control the motor. The both of the separated power supplies 
for the logic circuitry and the drivers are usable for motor 
speed control. The power supply of the predriver is con- 
nected with the driver power supply to have a wider control 
range of motor supply voltage. 

LOGIC TRUTH TABLE 



PIN CONFIGURATION (TOP VIEW) 


POWER SUPPLY 2 


V C C2 










DRIVER POWER SUPPIY? 


Vcc 2 


IT 
Li 








OUTPUT 1 


0~! 


1 r 








INPUT2 


IN 2 


-E 






















GND 


E 




en 
-u 

* n 






GND 


E 




I46L 




INPUT 1 


IN, 


-E 








OUTPUT 2 


o 2 


-E 








DRIVER POWER SUPPLY 1 


Vcc'i 


E 








POWER SUPPLY 1 


Vcci 


E 


o 






Outline 


10P5 







INPUT 


OUTPUT 


NOTE 


IN, 


IN 2 


Oi 


0 2 


L 


L 


"OFF" 
state 


"OFF" 
state 


Open 


H 


L 


H 


L 


o 


L 


H 


L 


H 


o 


H 


H 


L 


L 


Braking 



CIRCUIT SCHEMATIC 





Vcc'2 



x: 



> 




--<3> 

IN, 



•-(L© — <z> 

GND IN2 
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ABSOLUTE MAXIMUM RATINGS (T a =25'C, unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


Vcc 


Supply voltage 




-0. 5 — H6 


V 


Vcc' 


Driver supply voltage 




-0. 5-^16 


V 


V, 


Input voltage 




0~V CC 


V 


V 0 


Output voltage 




-0. 5~V cc '+2. 5 


V 


'o(max) 


Peak output current 


t O p=10ms Repetitive cycle 0. 2Hz max 


±700 


mA 


lo 


Continuous output current 




±150 


mA 


Pd 


Pow/sr dissipation 


T a =75°C 


600 


mW 


T opr 


Operating ambient temperature range 




-10 — 1-75 


°C 


Tstq 


Storage temperature range 




-55 — M25 


°C 



RECOMMENDED OPERATING CONDITIONS (T a =25°C, unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Limits 


Unit 


Mm 


Typ 


Max 


Vcc 


Supply voltage 




4 


12 


15 


V 


lo 


Continuous output current 








±300 


mA 


V, H 


"H" Input voltage 




2 




Vcc 


V 


v, L 


"L" Input voltage 




0 




0.4 


V 


t B 


Motor braking interval 




100 






ms 



ELECTRICAL CHARACTERISTICS (T a =25°C, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Mm 


Typ 


Max 


•o(leak) 


Output leakage current 


Vcc=V cc -20V 
V,i=V|2=2V 


V o =20V 






100 


,2A 


v 0 =ov 






-100 


Voh(i) 


"H" Output saturation voltage (1) 


V C c=Vcc'=12V 


V n =2V 
V,i=0V 


loHd^ - 50mA 


11.0 






V 


Ioh i,= - 100mA 


10.9 






V 0 H (2) 


"H" Output saturation voltage (2) 


Vcc=Vcc'= : 12V 


V,i=0V 
V,2=2V 


Ioh (2 = — 50mA 


11.0 






V 


Ioh<2)=- 100mA 


10.9 






VoLO) 


*"L" Output saturation voltage (1 ) 


Vcc=V cc -12V 


V,i=0V 
V,2=2V 


Iol i =50mA 






0.3 


V 


Iol i = 100mA 






0. 35 


V,i=V l2 =2V . 






0. 35 


Vol (2) 


"L" Output saturation voltage (2) 


V C c=Vcc'=12V 


.V M =2V 
V,2=0V 


Iol 2 =50mA 






0.3 


V 


Iol 2=1 00mA 






0. 35 


V|i=V,2=2V 






0. 35 


•iH (1) 


"H" Input current (1 ) 


Vcc=V cc -12V, Vn=2V, V, 2 =0V 


70 




200 




l|H (2) 


"H" Input current (2) 


Vcc=V C c -12V, V n =0V, V,2=2V 


70 




200 


M A 


•cc 


Supply current 


V C c=Vcc'=16V 


V n =2V, V| 2 =0V 






30 


mA 


Vn=0V, V| 2 =2V 


V,i=V| 2 =2V 






60 


V|i=V| 2 =0V 




0 





A MITSUBISHI 
ELECTRIC 



6-89 



MITSUBISHI BIPOLAR DIGITAL ICs 

M54546L 



BI-DIRECTIONAL MOTOR DRIVER 



TYPICAL CHARACTERISTICS 

ALLOWABLE AVERAGE \ 

POWER DISSIPATION 
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APPLICATION EXAMPLES 

1) Motor speed control by V C c and V cc ' 



V b O- 



io~ioo//Fir 



INPUT 2 O- 



■AW 

R 2 =3n 
+ 



V C C2 



R,=2n « 



-O INPUT 1 



Vcci 



M54546L 



O 



2) Motor speed control by the V C c' 

VccO- 



2n 



c 

1-10// Fit 



INPUT 2 O- 



V C C2 



100//F 



VCC2 



Vcc'i 



-O INPUT 1 



Vcci 



M54546L 



o 
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DESCRIPTION 

The M54547P, BI-DIRECTIONAL MOTOR DRIVER, consists 
of a full bridge power driver and dual general purpose NPN 
darlington pairs. 

FEATURES 

• 600mA output current 

• Braking mode input 

• Integral operational amplifier at direction control input 

• Output transient suppression 

APPLICATION 

Audio, video cassette recorder 

FUNCTION 

The M54547P, full bridge motor driver, has the logic circuitry 
and darlington power drivers for bidirectional control of D-C 
motors operating at currents up to 600mA. The operational 
amplifier is connected to the direction control input through 
an analog switch controlled by pin 15 input. By switching the 
IN A s input high and the INi input low, the output of the 
amplifier appears at the output Oi so that the voltage across 
the bridge output is altered linearly by the amplifier input. 
The internal NPN darlington pairs are capable of sinking 
300mA and will withstand 20V in the OFF state. 



PIN CONFIGURATION (TOP VIEW) 

-^y — h 

_16| GNDt 




INPUTS 



TRANSISTOR I 
INPUTS 1 



i— ANALOG 
]5]«- IN as SWCTCH 

_ INPUT 

Tf]"* °i OUTPUT 1 

]3] V c , 
T| V CC 2 



POWER 
cc1 SUPPLY 
DRIVER 
POWER 
. _ SUPPLY 
JjJ-*0 2 OUTPUT 2 



H>| — 0 T1 
J}^ O t2 



TRANSISTOR 
OUTPUT 



Outline 16P4 




16-pin molded plastic DIP 

\ 
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LOGIC TRUTH TABLE 



Input 


Output 


Note 


IN SW 


INi 


IN 2 


Ot 


o 2 


L 


L 


L 


H 


H 


Braking 


L 


L 


H 


H 


L 


O 


L 


H 


L 


L 


H 


O 


L 


H 


H 


L , 


L 


Braking 


H 


L 


L 


A* 


H 


Analog Q 


H 


L 


H 


A* 


L 


Analog O 


H 


H 


L 


L 


H 


O 


H 


H 


H 


L 


L 


Braking 



A* : The output voltage is controlled by the amplifier output. 



ABSOLUTE MAXIMUM RATINGS (T a =25°C,unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


Vcci 


Supply voltage 






-0.5 — H6 


V 


V C C2 


Driver supply voltage 






-0. 5 — 1-16 


V 


v„v IAS 


Input voltage 




0~V CC 


V 


Vo 


Output voltage 




-0. 5~Vcc2+2. 5V 


V 


•op 


Peak output current 


t O p=10ms Repetitive cycle 0. 2)Hz max 


±600 


mA 


lo 


Continuous output current 




±150 


mA 


VcEO 


Collector-emitter applied voltage( transistor array) 




20 


V 


'c 


Collector current(transistor array) 




300 


mA 


v, 


Input voltage(Transistor array) 




10 


V 


Pd 


Power dissipation 


T a =25'C 


1.47 


W 


T a =60°C 


1.06 


Topr 


Operating ambient temperature range 






-10 — H60 


°C 


Tsta 


Storage temperature range 






-55 — hi 25 


°C 


RECOMMENDED OPERATING CONDITIONS (T a =25°C/unless otherwise noted) 


Symbol 


Parameter 


Conditions 


Limits 


Unit 


Mm 


Typ 


, Max 


Vcci 


Supply voltage 




4 


12 


15 


V 


•o 


Continuous output current 








±100 


mA 


V,H 


Input voltage (motor driver) 




3 




Vcc 


V 


V IL 


(IN,, IN 2 , INas) 




0 




0.6 


V 


t B 


Motor braking interval 




100 






ms 


V,H 


Transistor array input voltage 




4 




10 


V 


V, L 


(IN T i, IN-*) 




0 




0.6 


V 
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MITSUBISHI BIPOLAR DIGITAL ICs 

M54547P 



BI-DIRECTIONAL MOTOR DRIVER WITH OP AMP AND TRANSISTOR ARRAY 



ELECTRICAL CHARACTERISTICS (T a =25°C, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


'o(leak) 


Output leakage current(Oi, O2) 


Vcct=V CC 2=16V 

V,N1=V, N 2=V, AS =0V 


V 0 =OV 






±100 




V 0 =16V 


VqH 


"H"Output saturation voltage (O1, O2) 


Vcci=V CC 2=12V 
l 0 =- 150mA 


V, N i=0V, V, N2 =3V 


10.3 






V 


V, N i=3V, V, N2 =0V 


Vol 


"f'Output saturation voltage(Oi, O2) 


V C ci=Vcc2=12V 
l 0 = 150mA 


V, N1 =0V, V, N2 =3V 






1.2 


V 


V, n i=3V, V| N2 =0V 


1. 


Input current(INi, IN 2 , IN AS ) 


V C ci=12V, V,=3V 






0.3 


mA 


'o(leak) 


Output leakage current(0 T i, 0x2) 


V o =30V, V,=0. 6V 






100 


/uA 


Voc 


"L" Output saturation voltage 


V|=4V 


l c =100mA 






1.3 


V 


l c =200mA 






1.5 


li 


Input current 


V,=4V 






0.8 


mA 


Ao 


OP Amp open-loop-gain 




40 






dB 


•cci 


Supply current 


Vcci=12V, V, n1 =V, N 2=V,as=3V 






6 


mA 



TYPICAL CHARACTERISTICS APPLICATION EXAMPLE 



ALLOWABLE AVERAGE 

POWER DISSIPATION 




INPUTS 



BIAS Unit Q, 
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MITSUBISHI BIPOLAR DIGITAL ICs 

M54548L 

BI-DIRECTIONAL MOTOR DRIVER WITH MOTOR SPEED CONTROL 



DESCRIPTION 

The M54548L, BI-DIRECTIONAL MOTOR DRIVER, consists 
of a full bridge power driver designed for use in a D-C 
motor control circuit. The internal operational amplifier is 
capable for controlling the voltage across the bridge outputs. 

FEATURES 

• Wide operating voltage range 

• NMOS and CMOS compatible input 

• 1. 2A output current 

• Integral operational amplifier for output source voltage 

• Output transient suppression 

• Braking mode input 

APPLICATION 

Audio, video cassette recorder 

FUNCTION 

The M54548L, full bridge motor driver, has the logic circuitry 
and the quasi-darlington power driver for bidirectional con- 
trol of D-C motors operating at current up to 1.2A. The in- 
puts, S 1f S 2 and S 3 , are capable to control the bridge output 
polarity and also to select the supply voltage of the predriver 
from the voltages drived by V 1( V 2 or the output of the oper- 
ational amplifier. 

LOGIC TRUTH TABLE 



Input 


Output 


Driver power 
supply 


Note 


Si 


s 2 


s 3 




o 2 


L 


L 


L 


"OFF" 
state 


"OFF" 
state 




STOP 


L 


L 


H 


H 


L 


OP AMP OUTPUT 


PLAY( + ) 


L 


H 


L 


L 


H 


OP AMP OUTPUT 


PLAY(-) 


L 


H 


H 


H 


L 


v 2 


FF(2) 


H 


L 


L 


L 


H 


v 2 


FtEW( 2 ) 


H 


L 


H 


H 


L 


Vi 


FF(1 ) 


H 


H 


L 


L 


H 


Vi 


REW( 1 ) 


H 


H 


H 


L 


L 


V s 


BRAKING 



PIN CONFIGURATION (TOP VIEW) 



OUTPUT 1 + 
GND 

OUTPUT 2 « 

OUTPUT CONTROL 
INPUT 1 

OUTPUT CONTROL _ 
INPUT 2 

POWER SUPPLY 
OP-AMP OUTPUT <♦ 
OP-AMP INPUT ( + ) - 
OP-AMP INPUT (-) - 
INPUT 3- 
INPUT2- 
INPUT 1 - 



GNDfT" 

o 2 (T" 



v cc [l 

IN( + )|_8 
IN(-)|T 
S 3 1 10 

s 2 [n 



Si 12 



o 



2 

Ol 
Ol 

00 



o 



Outline 12P9 




12-pin molded plastic SIP 



BLOCK DIAGRAM 



INPUT 3 INPUT 2 INPUT 1 
S3 S 2 Si 




8)lN( + ) OP-AMP INPUT ( + ) 

s)lN(-) OP-AMP INPUT (-) 
t) V s OP-AMP OUTPUT 
4) V, OUTPUT CONTROL INPUT 1 

OUTPUT CONTROL INPUT 2 



0 2 

OUTPUT 2 



V CC 

POWER SUPPLY 
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MITSUBISHI BIPOLAR DIGITAL ICs 

M54548L 



BI-DIRECTIONAL MOTOR DRIVER MITH MOTOR SPEED CONTROL 



ABSOLUTE MAXIMUM RATINGS (T a =25r, unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


Vcc 


Supply voltage 


With an external heat sink (3000mm 2 X1.5mm t ) 


-0. 5 — H8 


V 


V, 


Input voltage 


4 Pin, 5 Pin 


-0. 5 — H4or V cc 


V 




—0. 5~Vcc 


V 0 


Output voltage 




-0. 5~V cc +2. 5 


V 


•oimax) 


Peak output current 


t O p=10ms; Repetitive cycle 0. 2Hz max 


±1.2 


A 


'o(T) 


Continuous output current (1 ) 




±300 


mA 


lo(2) 


Continuous output current (2) 


With an external heat sink OOOOmn^XI.Smm 1 ) 


±600 


mA 


Pd 


Power dissipation 


T a =75°C 


1.2 


W 


Topr 


Operating ambient temperature range 




-10 — h75 


°C 


Tstg 


Storage temperature range 




-55 — 1-125 


°C 



RECOMMENDED OPERATING CONDITIONS (T a =25°C, unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Limits 


Unit 


Min 


Typ 


Max 


Vcc 


Supply voltage 




4 


12 


16 


V 


'o 


Continuous output current 








±200 


mA 


V, H 


"H" Input voltage 




3 






V 


V 1U 


"L" Input voltage 








1 


V 


ts 


Motor braking interval 




100 






ms 



ELECTRICAL CHARACTERISTICS (T a =25°C, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


'o(leak) 


Output leakage current 


V S i=0V 
V S2 =0V 
V S3 =0V 


V o =0V 
V cc =Vs=20V 






—100 


M A 


V 0 =14V 
V CC =V S -14V 






+100 


VoH(1) 


"H" Output saturation voltage (1) 


V CC =16V 
V,n ( -)=0V 
V, N (+)=3V 


V S i=V S2 =0V 
V S3 =3V 


Ioh= -200mA 


13 






V 


l OH = -500mA 


12.8 






V 0 H (2) 


"H" Output saturation voltage (2) 


V CC =16V 
V, N (-)=0V 
Vin ( +)=3V 


Vsi=V S3 =0V 
V S2 =3V 


Ioh= -200mA 


13 






V 


Ioh= -500mA 


12.8 






VoL(D 


"L" Output saturation voltage (1) 


V CC =16V 
V| N( -,=0V 
V, N (+)=3V 


Vsi=V S3 =0V 
V S2 =3V 


l OL = 200mA 






0.5 


V 


l 0L = 500mA 






1.4 


Vol (2) 


"L" Output saturation voltage (2) 


V CC =16V 
V, N (-)=0V 
V 1N (+)=3V 


Vsi=V S2 =0V 
V S3 =3V 


l OL =200mA 






0.5 


V 


l OL =500mA 






1.4 


Iih 


"H" Input current 


V C c=16V, V,s=3V (Sl S 2 , S 3 ) 






10 




k 


"L" Input current 


V CC =16V, V,s=0V (Si, S 2> S 3 ) 






-20 


juA 


Ice 


Supply current 


V CC =16V, Vsi=Vs2=V S 3=3V 






25 


mA 


A 


Op amp open-loop-gain 




50 






dB 
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MITSUBISHI BIPOLAR DIGITAL ICs 

M54548L 



BI-DIRECTIONAL MOTOR DRIVER WITH MOTOR SPEED CONTROL 



TYPICAL CHARACTERISTICS 

ALLOWABLE AVERAGE 

POWER DISSIPATION 



0C 
LU 

O? 6 
°- ^ 
id <3 

o § 



CD 
< 

o 











[-25 


1 1 








AL 


JMIN 


Cm A 

UM H 


EAT J 


SINK 










/ 
















































/ 




FREE 


: AIR 



































50 



75 



100 



AMBIENT TEMPERATURE T a (°C) 



APPLICATION EXAMPLE 



INPUT o- 



CONTROL INPUT 



|20k 



|10k 



12 11 10 9 8 



20k 



6 5 



10k: 



3 2 1 



Si S 2 S 3 IN IN V s V cc V 2 Vt 0 2 GND Oi 

(-)(+) 

M54548L 



: 10k 



1 10k 



12V 



W. 10— 100^ F 



Unit n 



6-96 



A MITSUBISHI 
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MITSUBISHI BIPOLAR DIGITAL ICs 



M54549L 



DUAL BI-DIRECTIONAL MOTOR DRIVER WITH THERMAL SHUT DOWN FUNCTION 



DESCRIPTION 

The M54549L, BI-DIRECTIONAL MOTOR DRIVER, consists 
of the two full bridge power designed for use in are two D- 
C motors control circuit. 

FEATURES 

• Two separated full bridge driver (only one circuit can 
be switched by the SE input) 

• Wide operating voltage range (V C c = 4~16V) 

• TTL, PMOS, CMOS outputs, capable of direct drive 

• Low output saturation voltage 

• Built-in clamp diode 

• Large output drive current 0 O (max) = ±2A) 

• Braking mode input 

• Internal thermal shutdown protection 

APPLICATION 

• Audio tape-deck player, radio/cassette player 

• VTR 

• Home-use equipment 
FUNCTION 

The M54549L, two-full bridge motor driver, has the logic 
circuitry and the darlington power driver for bi-directional 
control of two D-C motors operating at current up to 2.0A. 
The input SE selects one of the bridges and S 1f S 2 deter- 
mine the output polarity. 



PIN CONFIGURATION (TOP VIEW) 



OUTPUT 1 
POWER SUPPLY 1 

DRIVER POWER 
SUPPLY 1 
OUTPUT 2 



0, 




Vcct 


n 


Vco-, 


n 


0 2 


-E 


GND 


E 


S E 


-E 


S, 


-E 


S 2 


-E 


o 3 


-E 


Vcc'2 


E 


VCC2 


E 


0, 






2 

Oi 



Outline 12P9 



LOGIC TRUTH TABLE 



Input 


Output 


Note 


s E 


Si 


s 2 


o, 


o 2 


o 3 


o 4 


Output Ol 0 2 


Output 0 3 , 0 4 


0 


0 


0 


OFF 


OFF 


OFF 


OFF 


OPen 


Open 


0 


1 


0 


1 


0 


OFF 


OFF 


o 


Open 


0 


0 


1 


0 


1 


OFF 


OFF 


o 


Open 


0 


1 


1 


0 


0 


OFF 


OFF 


Braking 


Open 


1 


0 


0 


OFF 


OFF 


OFF 


OFF 


Open 


Open 


1 


1 


0 


OFF 


OFF 


1 


0 


Open 


o 


1 


0 


1 


OFF 


OFF 


0 


1 


Open 


o 


1 


1 


1 


OFF 


OFF 


0 


0 


Open 


Braking 



BLOCK DIAGRAM 
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MITSUBISHI BIPOLAR DIGITAL ICs 

M54549L 



DUAL BI-DIRECTIONAL MOTOR DRIVER WITH THERMAL SHUT DOWN FUNCTION 



ABSOLUTE MAXIMUM RATINGS (T a =25 0 C, unless otherwise noted) 



oymuui 


Parameter 


Conditions 


Ratings 






Supply voltage (1 ) 




_0. 5 |-18 


v 


V C C(2) 


Supply voltage (2) 


With an external sink ( 3000mm 2 X1. 5mm) 


-0.5 — h18 


V 




Driver supply voltage 




-0. 5—+18 


V 


v, 


Input voltage 




0~Vcc 


V 


V 0 


Output voltage 




-2~V CC +2. 5 


V 


'o(max) 


Peak output current 


t O p=10ms, retitive cycle 0. 2Hz max 


±2.0 


A 


'o(i) 


Continuous output current (1 ) 




±330 


mA 


'o(2) 


Continuous output current (2) 


With an external sink (3000mm 2 XI. 5mm) 


±600 


mA 


Pd 


Power dissipation 


T a =75°C 


1.20 


W 


Topr 


Operating ambient temperature range 




-10 — (-75 


°C 


Tstg 


Storage temperature range 




-55 — hi 25 


°C 



RECOMMNDED OPERATING CONDITIONS (T a =25'C, unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Limits 


Unit 


Min 


Typ 


Max 


Vcc 


Supply voltage 




4 


12 


16 


V 


lo 


Output current 








±300 


mA 


V, H 


"H" Input voltage 


Input Si, S 2 , S E 


2 




Vcc 


V 


V, L 


"L" Input voltage 


Input Si, S 2 , S E 


0 




0.4 


V 


*s 


Motor braking interval 




10 


100 




ms 


tj(shut) 


Thermal shut down temperature 


V cc ^ 7V 




150 




°C 


ELCTRICAL CHARACTERISTICS (T a =25t, unless otherwise noted) 


Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


'o(leak) 


Output leakage 


Vcc=Vcc=18V 
Vsi=V S2 =0V 
V SE =0V or 2V 


V 0 =18V 






100 


juA 


V o =0V 






-10 


Vqh 


"H" output voltage 


V cc =Vcc=12V 


l OH (i) 200mA 


10.8 






V 


| OH (i) = -500mA 


10.7 






Vol 


"L" output voltage 


Vcc=V cc =12V 


l OL =200mA 






0.5 


V 


Iol(D= 500mA 






1.35 


llH 


"H" input current 


V cc =Vcc'=12V 1 V t =2V 


70 




200 


MA 


I.L 


"L" input current 


V C c=Vcc'=12V, V t =0V 


70 




200 


MA 


•cc 


Supply current 


Vcc=Vcc=Vcc=12V 


V SE =0V, V S i=V S2 =0V 
V SE =0V, V S1 =V S2 =0V 






10 


mA 


V SE =0V, V S i=0V, V S2 =2V 






20 
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M54549L 



DUAL BI-DIRECTIONAL MOTOR DRIVER WITH THERMAL SHUT DOWN FUNCTION 



TYPICAL CHARACTERTICS 



ALLOWABLE AVERGE 
POWER DISSIPATION 



< 



§8 

<S 
o 




FREE A R 



"0 25 50 75 100 

AMBIENT TEMPERATURE T a (°C) 



APPLICATION EXAMPLE 



MOTOR DIRECTION 
CONTROL INPUT 



Si 



PI PI 



_o MOTOR SELECT 
INPUT 



R 2 =3fl 



> =2n 



-OV B 



M54549L 



f + 

^ 10-1 00/; F 
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MITSUBISHI BIPOLAR DIGITAL ICs 

M54549AL 

BI-DIRECTIONAL MOTER DRIVER 



DESCRIPTION 

The M54549AL, BI-DIRECTIONAL MOTOR DRIVER, con- 
sists of the two full bridge power designed for use in are 
two D-C motors control circuit. 

FEATURES 

• Two separated full-bridge drivers (only one circuit can 
be switched by the SE input) 

• Wide operating voltage range (V CC =4~16V) 

• TTL, PMOS, CMOS outputs, capable of direct drive 

• Low output saturation voltage 

• Built-in clamp diode 

• Large drive current 0 O (max) = ±1- 2A) 

• Braking mode input 

• Internal thermal shutdown protection 

APPLICATION 

• Audio tape-deck player, radio cassette player 

• VTR 

• Home-use equipment 
FUNCTION 

The M54549AL, two-full bridge motor driver, has the logic 
circuitry and the darlington power driver for bi-directional 
control of two D-C motors operating at current up to 2.0A. 
The input SE selects one of the bridges and S 1p S 2 deter- 
mine the output polarity. 



PIN CONFIGURATION (TOP VIEW) 


OUTPUT 1 


o, 


-L 




\ 




POWER SUPPLY 1 


Vcci 


E 








DRIVER POWER 
SUPPLY l 


Vcci 


E 








OUIPUT 2 


"o 2 


-E 








GNO 


GND 


E 


<: 






INPUT SE 


s E 


-E 


2 






INPUT 1 


Si 


-E 


CO 






INPUT 2 


s 2 


-E 


AL 






OUTPUT 3 


o 3 


*-E 








DRIVER POWER 
SUPPLY 2 


VcC2 


EI 








POWER SUPPLY 2 


VcC2 


EI 








OUTPUT 4 


o 4 


-IE 




) 






Outline 12P5 





LOGIC TRUTH TABLE 



Input 


Output 


Note 


S E 


Si 


s 2 


o. 


o 2 


o 3 


o 4 


Output Oi,0 2 


Output 0 3 , 0 4 


0 


0 


0 


OFF 


OFF 


OFF 


OFF 


OPen 


Open 


0 


1 


0 


1 


0 


OFF 


OFF 


o 


Open 


0 


0 


1 


0 


1 


OFF 


OFF 


o 


Open 


0 


1 


1 


0 


0 


OFF 


OFF 


Braking 


Open 


1 


0 


0 


OFF 


OFF 


OFF 


OFF 


Open 


Open 


1 


1 


0 


OFF 


OFF 


1 


0 


Open 


o 


1 


1 0 


1 


OFF 


OFF 


0 


1 


Open 


o 


1 


1 


1 


OFF 


OFF 


0 


0 


Open 


Braking 
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BI-DIRECTIONAL MOTER DRIVER 



ABSOLUTE MAXIMUM RATINGS (T a =25°C, unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


V CC 


Supply voltage 




-0.5 — H8 


V 


Vcc 


Driver supply voltage 




-0. 5 — H8 


v.. 


v. 


Input voltage 




0~V CC 


V 


V 0 


Output voltage 




-2~V CC +2. 5 


V 


'o(max) 


Peak output current 


t O p=10ms, retitive cycle 0. 2Hz max 


±1.2 


A 


•o(i) 


Continuous output current (1 ) 




±330 


mA 


Pd 


Power dissipation 


T a =75°C 


830 


mW 


Topr 


Operating ambient temperature 




-20 — h75 


°C 


Tstg 


Storage temperature range 




-55— 1-125 


°C 



RECOMMNDED OPERATING CONDITIONS (T a =25°C, unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Limits 


Unit 


Min 


Typ 


Max 


V CC 


Supply voltage 




4 


12 


16 


V 


lo 


Output current 








±300 


mA 


V,h 


"H" input voltage 




2 




V CC 


V 


V, L 


"L" input voltage 




0 




0.4 


V 


t B 


Motor braking interval 




100 






ms 


tj(shut) 


Thermal shutdown temperature 






150 




°C 



ELECTRICAL CHARACTERISTICS (T a =25°C, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


•o(leak) 


Output leakage current 


Vcc=V CC '=18V 
V s i=Vs2=0.4V, V SE =0.4Vor2V 


V 0 =18V 






100 


juA 


V o =0V 






-100 


Vqh 


"H" output saturation voltage 


V C c=Vcc-=12V 


l OH (i)=-200mA 


10.8 






V 


l 0 H(D — — 500mA 


10.7 






Vol 


"L" output saturation voltage 


Vcc = Vcc = 12V 


l OL =200mA 






0.5 


V 


l O L(i)=500mA 






1.35 




"H" input current 


V cc =Vcc-=12V, V,=2V 


50 




120 


/uA 


'cci 


Supply current (1 ) 


Vcc = Vcc = 12V 


Vseo=V S i=Vs2=0. 4V 






10 


mA 


Vse=V S i=0.4V, V S2 =2V 






20 


'CC2 


Supply current (2) 


V cc =Vcc=12V 


V SE =2V, Vsi=V S 2=0.4V 






10 


mA 


Vse=V S i=2V, V S2 =2V 






20 
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MITSUBISHI BIPOLAR DIGITAL ICs 

M54549AL 



BI-DIRECTIONAL MOTOR DRIVER 



TYPICAL CHARACTERTICS 

ALLOWABLE AVERQE 
POWER DISSIPATION 




AMBIENT TEMPERATURE T a (°C) 

APPLICATION EXAMPLE 



INPUT 



Si 

l o— 



R ri pi nn rti 



S E MOTOR SELECT 
_C INPUT 



R 2 =3fl 
Wv 



i rfh 

|R r =20 



1+ Vb 



10-100//F 



M54549AL 
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M 54641 L 

BI-DIRECTIONAL MOTOR DRIVER 



DESCRIPTION 

The M54641L, BI-DIRECTIONAL MOTOR DRIVER, consists 
of a full bridge power driver designed for D-C motor con- 
trol. 

FEATURES 

• Wide operating voltage range (V C c == 4'-'10V, V C c(max) 
=20V) 

• Low output saturation voltage in continuos* output motor 
circuit (High voltage between motors) 

• Built-in clamp diode 

• Output voltage control pin (V z ) 

• Internal thermal shutdown protector (Tj(shut) 5= 120 < C T Yp) 
APPLICATION 

• Audio tape deck, radio cassette player, VTR 



PIN CONFIGURATION (TOP VIEW) 


POWER SUPPLY 


Vcc 


LI 








OUTPUT 2 


0 2 -|T 








INPUT 1 


IN,— [7 
GND [7 


M54 






OUTPUT VOLTAGE 
CONTROL PIN 


v 2 


K 








OUTPUT 2 


0 2 -|T 


r- 






INPUT 2 


IN 2 -[T 








DRIVER POWER SUPPLY 


Vcc 


K 








Outline 8P5 



FUNCTION 

The M54641L, full bridge motor driver, has the logic circuit- 
ry and darlington-per power drivers for bidirectional control 
of D-C motors operating at currents up to 800mA. 
The power supplies for the logic circuitry and the drivers 
are separated so that the applied voltage to the motor can 
be controlled by the V z or V C c of the driver power supply 
voltage. 



LOGIC TRUTH TABLE 



Input 


Output 


Note 


INh 


IN 2 


Oi 


o 2 


L 


L 


"OFF" 
state 


"OFF" 
state 


Open 


H 


L 


H 


L 


Clockwise 


L 


H 


L 


H 


Anti-clockwise 


H 


H 


L 


L 


Braking 



BLOCK DIAGRAM 



INPUT CURRENT 1 h 



INPUT CURRENT 2 \ 2 



POWER SUPPLY 

Vcc 



23 

z gc 



STABILZED 
POWER 
SUPPLY 



OH 

8§ 



DRIVER POWER SUPPLY 

Vcc 

— © 



OUTPUT^ 

CIRCUIT^ 



r\ v OUTPUT VOLTAGE 
} z CONTROL PIN 



2) 0 2 OUTPUT 2 



7) Oi OUTPUT 1 



A MITSUBISHI 
ELECTRIC 



6-103 



MITSUBISHI BIPOLAR DIGITAL ICs 

M54641L 



BI-DIRECTIONAL MOTOR DRIVER 



ABSOLUTE MAXIMUM RATINGS (T a =25°C, unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


V C c 


Supply voltage 




—0.5 — hi 2 


V 


Vcc 


Driver power supply 




-0. 5 — f-20 


V 


V, 


Input voltage 




0~Vcc 


V 


V 0 


Output voltage 




-0. 5~V CC '+2. 5 


V 


'o(max) 


Peak output current 


top = 10ms 

top=10ms • repetitive cycle 0. 2Hz max 


±800 


mA 


lo 


Continuous output current 




±150 


mA 


Pd 


Power dissipation 


T a =60°C 


570 


mW 


Tj 


Junction temperature 




100 


°C 


Topr 


Operating ambient temperature 




-10~+60 


°C 


Tstg 


Storage temperature range 




-55~- f-125 


°c 



RECOMMENDED OPERATING CONDITIONS (T a =25°C, unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Limits 


Unit 


Min 


Typ 


Max 


Vcc 


Supply voltage 




4 


5 


10 


V 


lo 


Output current 








±100 


mA 


v, N 


"H" input voltage 




3.0 




Vcc 


V 


v, L 


"L" input voltage 




0 




0.6 


V 


ts 


Motor braking interval 




10 


100 




ms 


T S 


Thermal shutdown protector operating temperature (Junction temperature) 




100 


120 




°C 


ELECTRICAL CHARACTERISTICS (T a =25 0 C, V CC =5V, unless otherwise noted) 


Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


'o(leak) 


Output lekage current 


V CC =20V 
Vz • open 


V o =20V 






100 


/uA 


V 0 =OV 






-100 


Vqh 


"H" output voltage 


V CC =12V 
Vz . open 


l 0H =— 50mA 


10.2 


10.5 




V 


I 0 h= = — 100mA 


10.0 


10.4 




Vol 


"L" output voltage 


V CC =12V 
Vz open 


l O H == 50mA 




0.1 


0.3 


V 


l 0H = 100mA 




0.2 


0.4 


V01-02 


Voltage between output (1) and output (2) (voltage between motors) 


V CC =12V 
Vz=7V 


l o =±100mA 


6.3 


7.0 


7.7 


V 


'i 


Input current 


V CC '=12V 


V!=3V 


Output open 




100 


180 


^A 


Vt=5V 




240 


380 


'cc 


Supply current 


V CC =10V 
V CC =12V 


"OFF" state 




1.2 


3.0 


mA 


Clockwise or anti-clockwise 




4.5 


8.0 


Braking 




7.5 


12.0 



6-104 



A MITSUBISHI 
ELECTRIC 



MITSUBISHI BIPOLAR DIGITAL ICs 

M54641L 



BI-DIRECTIONAL MOTOR DRIVER 



INPUT/OUTPUT CIRCUIT 




TYPICAL CHARACTERISTICS 

ALLOWABLE AVERAGE 
POWER DISSIPATION 



s a i.4 



Q ql 1.2 
111 

$ 1.0 

o 

hi 0.8 



CD 
< 

O 



0.6 
0.4 
0.2 
0 



t=20sec 










h 






t=oo 




\~t=10s 


ec 





















































25 50 60 75 100 

AMBIENT TEMPERATURE T a (°C) 



Note 1 '. Mounted on an epoxy PC board with Cu cover on 
one side (5cmX5cmX0. 8mmt) 
2 : t • time for power application 



APPLICATION EXAMPLE 



2n 

-AiW- 



3H 
— v/v— 



IN1 o- 
IN2 o- 



fsl f7l fel 



Z2Z + 10~100/iF 



Ik i^i r^i r^i a 



43— 
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MITSUBISHI BIPOLAR DIGITAL ICs 

M 54642 L 

BI-DIRECTIONAL MOTOR DRIVER 



DESCRIPTION 

The M54642L is a semiconductor integrated circuit, cap- 
able of directly driving bi-directional micro motor. 

FEATURES 

• Wide operating voltage range (Vcc^—lOV, V cc <(max) 
=20V) 

• Low output saturation voltage in continuous output motor 
circuit (High voltage between motors) 

• Built-in clamp diode 

• Output voltage control pin (V z ) 

• Internal thermal shutdown protector (Tj(shut) = 120 o C TY p) 

• Additional interrupt input I/, \{ 

APPLICATION 

• Audio tape deck, radio cassette player, VTR 
FUNCTION 

The M54642L is a driver for bi-directional micro motor. The 
input pin has inputs h and l 2 which are identical to those in- 
puts of the M54641L and interrupt inputs of I/ and l 2 '. The 
h functions to the I/ and the l 2 , to the l 2 '. The I/ and the l 2 ', 
if they are "H", operate just like the ^ and the l 2 input sig- 
nals in the M54641L. If the "H" signal is input to the input 
pin l 1( and the "L" signal is input t 0 , the input pin l 2 , output 
Oi is "H" and output 0 2 is "L". If a motor is connected be- 
tween the output pins of 0^ and 0 2 , the output power supp- 
ly is current source and the 0 2 is current sink and the motor 
is driven. If the reverse signals are input to the l 1( l 2 , the Oi 
becomes "L" and the 0 2 becomes "H", then the motor is 
driven backward. But, if the ^ and the l 2 are both "H", and 
the and the 0 2 are "L", then the motor is quickly halted. 
(Braking mode input) 

The interrupt input I/ and l 2 ' are "L" active inputs and, 
when the is "H" and l 2 is "L", the motor is driven, but, if 
the l 2 ' is "L", then the outputs d and the 0 2 are both "L" 
and becomes brake mode. 

The speed of motor becomes constant if a zener diode of a 
certain voltage is added to the Vz pin, because the output 
"H" voltage never exceeds this zener voltage. If the Vz pin 
is connected to the driver power supply V C c'> the speed of 
motor can be changed by changing the V cc \ 
The peak output current is Iop (max) = 800mA, and con- 
tinuous output current is lo(max) = 150mA. 
Threshold temperature of the internal thermal shutdown 
protector is min 100°C, and the drive current must be set so 
that the thermal shutdown protector will not operate. 



PIN CONFIGURATION (TOP VIEW) 


POWER SUPPLY 


Vcc 


rr- 

LL 








OUTPUT 2 


o 2 


IT 

-LI 








INPUT CURRENT 1 


1/ 


-e 








INPUT CORRENT 1 


It 


-E 


2 






GND 


GND 


E 


cn 






OUTPUT VOLTAGH 
CONTROL PIN 


V z 


E 








INPUT CURRENT 2 


l 2 


-E 


I - 






INPUT CURRENT 2 


l 2 ' 


-E 








OUTPUT 1 




*-E 








DRIVER POWER SUPPLY 


Vcc' 


no 








Outline 


10P5 



LOGIC TRUTH TABLE 



Input 


Output 


Note 


l 1 


1/ 


l 2 


l 2 ' 


o 1 


o 2 


L 


H 


L 


H 


"OFF" 
state 


"OFF" 
state 


Open 


L 


L 


L 


H 


H 


L 


, Clockwise 


L 


H 


L 


L 


L 


H 


Anti-clockwise 


L 


L 


L 


L 


L 


L 


Braking 


H 


H 


L 


H 


H 


L 


Clockwise 


H 


L 


L 


H 


H 


L 


Clockwise 


H 


H 


L 


L 


L 


L 


Braking 


L 


H 


H 


H 


L 


H 


Ahti-clockwise 


L 


H 


H 


L 


L 


H 


Anti-clockwise 


L 


L 


H 


H 


L 


L 


Braking 


H 


* 


H 


* 


L 


L 


Braking 



* '. Irrelevant 
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BLOCK DIAGRAM 



INPUT CURRENT 1 



INPUT CURRENT 2 



POWER SUPPLY 

Vcc 



STABILZED 
POWER 
SUPPLY 




O t 

t ° 

O 75 

o 0 



■-0— 



DRIVER POWER RUPPLY 

Vcc' 



c x v/ OUTPUT VOLTAGE 
6 ) ^CONTROL PIN 



2) 0 2 OUTPUT 2 



9) d OUTPUT 1 



GND 



INPUT/OUTPUT CIRCUIT 

INPUT | 



20k IN 



-®v C( 



IN 



o — v/v — ►j-A^wv 



15K 



20K 



-© GND 



OUTPUT! 



© 



K 




-® Vcc' 



-o OUTPUT 



-© GND 
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ABSOLUTE MAXIMUM RAINGS (T a =25 0 C, unless otherwise noted) 





Parameter 


Conditions 


Ratings 




v CC 


Supply voltage 




— 0. 5 f-12 


y 


Vcc 


Driver power supply 




-0. 5-+20 


V 


v, 


Input voltage 




0~Vcc 


V 


Vo 


Output voltage 




-0. 5~V CC '+2. 5 


V 


'o(max) 


Peak output current 


top=10ms 

top = 10ms : repetitive cycle 0. 2Hz max 


±800 


mA 


'o 


Continuous output current 




±150 


mA 


Pd 


Power dissipation 


T a =60°C 


570 


mW 


Tj 


Junction temperature 




100 


°C 


Topr 


Operating ambient temperature 




-10 — h60 


°C 


Tstg 


Storage temperature range 




-55-+125 


°C 



RECOMMENDED OPERATING CONDITIONS (T a =25°C, unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Limits 


Unit 


Min 


Typ 


Max 


Vcc 


Supply voltage 




4 


5 


10 


V 


lo 


Output current 








±100 


mA 


V, H 


"H" input voltage 


h, l 2 input pins 


3.0 




Vcc 


V 


V,- H 


"H" input voltage 


h, I2 input pins 


Vcc-0. 5 




Vcc 


V 


V, u 


"L" input voltage 


I1, l 2 input pins 


0 




0.6 


V 


V rL 


"L" input voltage 


I1, I2 input pins 


0 




Vcc-3. 6 


V 


ts 


Motor braking interval 




10 


100 




ms 


T s 


Thermal shutdown protector operating temperature (Junction temperature) 




100 


120 




°C 


ELECTRICAL CHARACTERISTICS (T a =25°C ( V CC =5V, unless otherwise noted) 


Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


'o(leak) 


Output lekage current 


V CC =20V 
Vz . open 


V o =20V 






100 


U A 


V o =0V 






-100 


Vqh 


"H" output voltage 


V CC =12V 
Vz • open 


Ioh— —50mA 


10.2 


10.5 




V 


l OH =-100mA 


10.0 


10.4 




Vol 


"L" output voltage 


V CC =12V 
Vz • open 


l O H=50mA 




0.1 


0.3 


V 


l O H=100mA 




0.2 


0.4 


V01-02 


Voltage between output (1) and output (2) (voltage between motors) 


V CC -=12V 
Vz=7V 


l o =±100mA 


6.3 


7.0 


7.7 


V 


I, 


Input current 


V CC '=12V 


V^V, Vi'=4.5V 


Output open 




100 


180 


juA 


V n =5V, 




240 


380 


ir 


Input current 


V CC '=12V 


V 1 =0.4V,V 1 '=4.5V 


Output open 




-200 


—250 


juA 


Vi'=!.4V, V n =0. 6V 




— 145 


— 190 


'cc 


Supply current 


V CC =10V 
V CC =12V 


"OFF" state 




1.2 


3.0 


mA 


Clockwise or anti-clockwise 




4.5 


8.0 


Braking 




7.5 


12.0 
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TYPICAL CHARACTERISTICS 



5^ 1.2 



o 

3 



1.0 
0.8 

0.6 
0.4 
0.2 



ALLOWABLE AVERAGE 
POWER DISSIPATION 



t=20sec 










H 






t=oo 




N^t=10s 


ec 





















































0 25 50 60 75 100 

AMBIENT TEMPERATURE T a (°C) 



Note 1 '. Mounted on an epoxy PC board with Cu cover on 
one side (5cmX5cmX0. 8mmt) 
2 : t : time for power application 



APPLICATION EXAMPLE 



IN1' o- 



INPUTS ,N1 a 
IN2' o- 
1 IN2 o- 



2(1 
-WV- 



3fl 



r» 5i nilsi f7i fii fiTr : 



WL 10~100^F 



m m m m 
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DESCRIPTION 

The M54648L is a semiconductor integrated circuit, cap- 
able of directly driving bi-directional micro motor, with a 
built in speed control circuit. 

FEATURES 

• Wide operating voltage range (Vcc—4~18V) 

• N MOS, C MOS IC output for direct drive 

• Large drive current (l O (max) == ±3.0A) 

• Built-in operational amplifier for "H" output voltage 
control 

• Built-in clamp diode 

• Braking mode input 

APPLICATION 

• Audio tape deck player, radio cassette player 

• VTR 

• Home use equipment 
FUNCTION 

The M54648L consists of a decoder, operational amplifier 
and bi-directional motor driver. 

The output polarity shown in the logic truth table can be 
selected by inputs. S 1( S 2 , and S 3 , and the supply voltage of 
the predriver can also be selected from the voltages driven 
by y^, V 2 or the output of the operational amplifier for the 
variable speed of motor. The motor driver has darlington 
output, capable of driving peak output voltage of lop(max) = 
3.0A. 

The internal thermal shutdown circuit protects the IC from 
thermal destruction due to blocking of motor, etc. 



PIN CONFIGURATION (TOP VIEW) 



OUTPUT 1 0^+-\T 
GND QND [7 
OUTPUT 2 0 2 «- [J 
OUTPUT CONTROL INPUT 1 V, [7 
OUTPUT CONTROL INPUT 2 V 2 Li 
POWER SUPPLY V CC [E 
OP AMP OUTPUT V s «~LL 
OP AMP INPUT( + ) IN( + ) -*Li 
OP AMP INPUT(-) |N( — ) -*[T 
INPUT 3 S3-* [JO 
INPUT 2 S 2 -*[jT 

INPUT 1 S-, — ► m 



o 



2 

01 



O 
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LOGIC TRUTH TABLE 



Input 


Output 


Driver power 
supply (V cc ) 


Note 


Si 


s 2 


S 3 


O1 


0 2 


L 


L 


L 


"OFF" 
state 


"OFF" 
state 




STOP 


L 


L 


H 


H 


L 


OP AMP OUTPUT 


PLAY(+) 


L 


H 


L 


L 


H 


OP AMP OUTPUT 


PLAY(-) 


L 


H 


H 


H 


L 


v 2 


FF(2) 


H 


L 


L 


L 


H 


v 2 


REW(2) 


H 


L 


H 


H 


L 


V1 


FF(1) 


H 


H 


L 


L 


H 


V1 


REW(1) 


H 


H 


H 


L 


L 


V s 


BRAKE 



BLOCK DIAGRAM 



INPUT 3 INPUT 2 INPUT 1 

S3 S 2 Si 

— (To)- " 



INPUT 
I 



H INPUT H INPUT 
I 



CONTROL LOGIC 



PREDRIVER 




OP.AMP 



V1 



THERMAL 
SHUT DOWN 



0 2 V cc 
OUTPUT 2 POWER SUPPLY 



(OlN(-r-) OP AMP INPUT( + ) 

(s)lN(-) OP AMP INPUT(-) 
(t) V s OP AMP OUTPUT 

(4)$, OUTPUT CONTROL 
v J INPUT 1 



(5) V 2 OUTPUT CONTROL 
INPUT 2 
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ABSOLUTE MAXIMUM RATINGS (T a =25°C, unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


Vcc 


Supply voltage 


With an external heat sink (3000mm 2 X1.5mmt) 


-0. 5 — h20 


V 




Input voltage 


4Pin, 5Pin 


— 0.5—+14 or Vcc 


V 


Inputs pin other than the above 


-0. 5~Vcc 


V 0 


Output voltage 




-2. 0~Vcc+2. 5 


V 


'o(max) 


Peak output current 


top=10ms ; repetive cycle 0. 2Hz max 


±3.0 


A 


•od) 


Continuous output current (1 ) 




±300 


mA 


•o(2) 


Continuous output current (2) 


With an external hbat sink (3000mm 2 X1 . 5mmt) 


±800 


mA 


Pd 


Power dissipation 


T a =75°C 


1.1 


W 


Topr 


Operating ambient temperature 




-10 — h75 


°C 


Tstg 


Storge temperature range 




—55— +.125 


°C 



RECOMMENDED OPERATING CONDITIONS (T a =25C unless otherwise noted) 



Symbol 


Parameter 


Conditions 




Limits 


Unit 




Mm 


Typ 


Max 


Vcc 


Supply voltage 




4 


12 


18 


V 


lo 


Output current 








±300 


mA 


V 1H 


"H" input voltage 




3 




Vcc 


V 


v, L 


"L" input voltage 




0 




1 


V 


t B 


Moter braking interval 




100 






ms 


tj(shut) 


Thermal shutdown temperature 




125 


150 




°C 


ELECTRICAL CHARACTERISTICS (T a =25°C, unless otherwise noted) 


Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Mm 


Typ 


Max 


lo(leak) 


Output leakage current 


V S i=0V 
S S2 =0V 
V S3 =0V 


V 0 =OV 
V CC =V S =20V 






-100 


juA 


V 0 =14V 
V CC =V S =14V 






-H00 


Voh(i) 


"H" output voltage 


V CC =16V 

V| N (-)=0V 

V| N (+)=3V 


V S 1=V S2 =0V 
V S3 =3V 


l 0H = -200mA 


13 






V 


Ioh= -500mA 


12.8 






V 0 H(2) 


"H" output voltage (2) 


V CC =16V 

V, N (-)=0V 

V, N (+)=3V 


Vsi=V s3 =0V 
V S2 =3V 


l 0H = -200mA 


13 






V 


l 0H = -500mA 


12.8 






V 0 L(1) , 


"L" output voltage (1 ) 


V CC =16V 

V, N (-)=0V 

V, N (+)=3V 


Vsi=V S3 =0V 
V S2 =3V 


l O L=200mA 






1.1 


V 


l OL =500mA 






1.2 


V 0 L(2) 


"L" output voltage (2) 


V CC =16V 

V, N (-)=0V 

V,n(+)=3V 


Vsi=V S2 =0V 
V S3 =3V 


l 0L = 200mA 






1.1 


V 


l OL =500mA 






1.2 


llH 


"H" input current 


V C c=16V, Vis=$V(Si, S 2 , S 3 ) 






10 


juA 


I.L 


"L" input current 


V CC =16V, V,s=0V(S 1 , S 2 , S 3 ) 






-20 


/uA 


Ice 


Supplycurrent 


V CC =16V, Vsi=V S 2=Vs3=3V 






30 


mA 


A 


Op amp open-loop-gain 




50 






dB 
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TYPICAL CHARACTERISTICS 

ALLOWABLE AVERAGE 
POWER DISSIPATION 




AMBIENT TEMPERATURE T a (°C ) 

1) WITH HEAT SINK OF INFINITE SIZE 

2) 25cm 2 X1.5mmt ALUMINUM HEAT SINK 

3) FREE AIR 



APPLICATION EXAMPLE 



SERVO INPUTS- 



CONTROL INPUTS o- 



|20k 



10k 



12 11 10 9 8 



20k | 



MOk 



12V 



+ 

r10~100^F 



110k 



St S 2 S 3 IN IN V s V cc V 2 Vi 0, GND Oi 

(-)( + ) 

M54548L 



Unit : n 
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DESCRIPTION 

The M54648AL is a semiconductor integrated circuit, cap- 
able of directly driving bi-directional micro motor, with a 
built in speed control circuit. 

FEATURES 

• Wide operating voltage range (V C c = 4~18V) 

• N MOS, C MOS IC output for direct drive 

• Large output sink current (l O (max) =: i3.0A) 

• Built-in operational amplifier for "H" output voltage 
control 

• Built-in clamp diode 

• Braking mode input 

• Compact power package requiring small space 
APPLICATION 

• Audio tape deck player, radio cassette player 

• VTR 

• Home-use equipment 



PIN CONFIGURATION (TOP VIEW) 



OUTPUT 1 


Oi 


GND 


GND 


OUTPUT 2 


o 2 


OUTPUT CONTROL INPUT 1 


Vi 


OUTPUT CONTROL INPUT 2 


v 2 


POWER SUPPLY 


Vcc 


OP AMP OUTPUT 


V s 


OP AMP INPUT( + ) 


IN( + ) 


OP AMP INPUT(-) 


IN(-) 


INPUT 3 


s 3 


INPUT 2 


s 2 


INPUT 1 


Si 



-E 
K 
-E 
»E 
>E 
E 
-E 

►E 

►E 



o 



at 
*- 

2 



O 



Outline 12P9B 



FUNCTION 

The M54648AL consists of a decoder, operational amplifier 
and bi-directional motor driver. 

The output polarity shown in the logic truth table can be 
selected by inputs. S 1f S 2 , and S 3 , and the supply voltage of 
the predriver can also be selected from voltages driven by 
V 1f V 2 or the output of the operational amplifier for the vari- 
able speed of motor. The motor driver has darlington out- 
put, capable of driving peak output voltage of lop(aax) = 
3.0A. 

The internal thermal shutdown protector protects the IC 
from thermal destruction due to blocking of motor, etc. 



LOGIC TRUTH TABLE 



Input 


Output 


Driver power 
supply (V cc ) 


Note 


Si 


s 2 


s 3 


/ Oi 


o 2 


L 


L 


L 


"OFF" 
state 


"OFF" 
state 




STOP 


L 


L 


H 


H 


L 


OP AMP OUTPUT 


PLAY( + ) 


L 


H 


L 


L 


H 


OP AMP OUTPUT 


PLAY(-) 


L 


H 


H 


H 


L 


v 2 


FF(2) 


H 


L 


L 


L 


H 


v 2 


REW(2) 


H 


L 


H 


H 


L 


Vi 


FF(1) 


H 


H 


L 


L 


H 


Vi 


REW(1) 


H 


H 


H 


L 


L 


V s 


BRAKE 



BLOCK DIAGRAM 



INPUT 3 INPUT 2 INPUT 1 
S3 S 2 Si 

{To) (u) (12V 



INPUT 
I 



INPUT 
J 



DECODER 



CONTROL LOGIC 



PREDRIVER 





<£> & 



OP.AMP 




THERMAL 
SHUT DOWN 



OlN( + ) OP AMP INPUT( + ) 
9)lN(~) OP AMP INPUT(-) 
7)V S OP AMP OUTPUT 

OUTPUT CONTROL 
INPUT 1 



t*W„ OUTPUT CONTROL 
; 2 INPUT 2 



O, 

OUTPUT 1 



0 2 Vcc 
OUTPUT 2 POWER SUPPLY 
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BI-DIRECTIONAL MOTOR DRIVER WITH MOTOR SPEED CONTROL 



ABSOLUTE MAXIMUM RATINGS (T a =25°C, unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


Vcc 


Supply voltage 


With an external heat sink (3000mm 2 X1.5mmt) 


-0. 5 — 1-20 


V 




Input voltage 


4Pin, 5Pin 


-0. 5 — H4 or V cc 


V 


Inputs pin other than the above 


-0. 5~Vcc 


V 0 


Output voltage 




-2. 0~Vcc+2. 5 


V 


'o(max) 


Peak output current 


top=10ms , repetive cycle 0. 2Hz max 


±3.0 


A 


•0(1) 


Continuous output current (1 ) 




±300 


mA 


>0(2) 


Continuous output current (2) 


With an external hbat sink (3000mm 2 X1.5mmt) 


±800 


mA 


Pd 


Power dissipation 


T a =75°C 


0.8 


W 


Topr 


Operating ambient temperature 




-10 — h75 


°C 


Tstg 


Storage temperature range 




-55 — H25 


°C 



RECOMMENDED OPERATING CONDITIONS (T a =25°C, unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Limits 


Unit 


Mm 


Typ 


Max 


V CC 


Supply voltage 




4 


12 


18 


V 


lo 


Output current 








±300 


mA 


V,h 


"H" input voltage 




3 




Vcc 


V 


v, L 


"L" input voltage 




0 




, 1 


V 


t B 


Moter braking interval 




100 






ms 


tj(shut) 


Thermal shutdown temperature 




125 


150 




°C 



ELECTRICAL CHARACTERISTICS (T a =25°C, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Mm 


Typ 


Max 


'o(leak) 


Output leakage current 


V S1 =0V 
S S2 =0V 
V S3 =0V 


V 0 =OV 
Vcc=V s =20V 






-100 


M A 


V 0 =14V 
V C c=V s =14V 






+100 


Voh(i) 


"H" output voltage (1 ) 


V CC =16V 

V| N( -)=0V 

V,n(+)=3V 


Vsi=V S2 =0V 
V S3 =3V 


l 0H = -200mA 


13 






V 


l 0H = -500mA 


12.8 






V 0 H(2) 


"H" output voltage (2) 


V CC =16V 

V| N( -)=0V 

Vin(+)=3V 


Vsi=V S3 =0V 
V S2 =3V 


l 0H = -200mA 


13 






V 


l 0H = -500mA 


12.8 






V 0 i_(i) 


"L" output voltage (1 ) 


V CC =16V 

V,N(-)=0V 

Vin(+)=3V 


Vsi=V S3 =0V 
V S2 =3V 


l O L=200mA 






1.1 


V 


l OL =500mA 






1.2 


V 0 L(2) 


"L" output voltage (2) 


V CC =16V 

V,n(-)=0V 

V,n(+)=3V 


Vsi=V S 2=0V 
V S3 =3V 


l OL =200mA 






1.1 


V 


l O L=500mA 






1.2 


I.H 


"H" input current 


V CC =16V, v, s =3V(Si, S 2 , S 3 ) 






1(5 


/M 


'iL 


"L" input current 


V CC =16V, V,s=0V(S 1> S 2 , S 3 ) 






-20 


M A 


'cc 


Supply current 


V CC =16V, Vsi=V S2 =Vs3=3V 






30 


mA 


A 


Op amp open-loop-gain 




50 






dB 
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M54648AL 



BI-DIRECTIONAL MOTOR DRIVER WITH MOTOR SPEED CONTROL 



TYPICAL CHARACTERISTICS 

ALLOWABLE AVERAGE 
POWER DISSIPATION 




AMBIENT TEMPERATURE T a (°C) 



1) WITH HEAT SINK OF INFINITE SIZE 

2) 25cm 2 X1 . 5mmt ALUMINUM HEAT SINK 

3) FREE AIR 



APPLICATION EXAMPLE 



SERVO INPUT o- 



CONTROL INPUT 



120k 



10k 



20k f 1 10k 



12 1110 98 7 6 5432J_ 
^ S 2 S 3 IN IN V s V cc V 2 V, o^GNDo! 

(-)( + ) 

M54548AL 



12V 



+ 

z 10-1 00/; 



10kl 1 10k 



Unit : n 
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MITSUBISHI BIPOLAR DIGITAL ICs 

M54649L 

DUAL BI-DIRECTIONAL MOTER DRIVER 



DESCRIPTION 

The M54649L, BI-DIRECTIONAL MOTOR DRIVER, consists 
of a full bridge power designed for use in are two DC- 
motor control circuit. The internal operational amplifier is 
capable for controlling the voltage across the bridge out- 
puts. 

FEATURES 

• Capable of driving two bi-directional motors 

• - "H" Output voltage control pin 

• Internal thermal shutdown protector 

• Large output sink current 0o(max) = 1-6A) 

• Wide operating supply voltage (V CC =4~18V) 

• CMOS IC output for. direct drive 

APPLICATION 

• Audio tape deck, radio cassette player 

• VTR 

• Home-use equipment 

FUNCTION 

The M54649L, full bridge motor driver, has the logic circuit- 
ry and the darlington power driver for bi-directional control 
of two DC motors operating at current up to 1.6A. 
The input IN1, IN2 and IN3 are capable to control the 
bridge output polarity. 



PIN CONFIGURATION (TOP VIEW) 


GND 


GND 


LI 










OUTPUT 2 


o 2 












OUTPUT 3 


o 3 


-H 










INPUT 1 


IN, 


-Lt 




2 






INPUT 2 


IN 2 






01 






INPUT 3 


IN 3 






0> 

*. 

(O 






POWER SUPPLY 1 


V CC 1 


E 










OUTPUT CONTROL INPUT 


Vr 


~E 










DRIVER POWER SUPPLY 2 


VcC2 


E 










OUTPUT 1 




-Go 










Outline 10P5 



LOGIC TRUTH TABLE 



Input 


Output 


Note 


4 PIN 

(IN 1) 


5 PIN 
(IN 2) 


6 PIN 

(IN 3) 


10 PIN 
(OUT1) 


2 PIN 
(OUT 2) 


3 PIN 
(OUT3) 


L 


L 


L 


L 


L 


L 


Braking 


H 


H 


L 


L 


H 


L 


OPEN 


o 


H 


L 


H 


L 


H 


OPEN 


o 


L 


H 


L 


H 


OPEN 


L 


o 


L 


H 


H 


L 


OPEN 


H 


o 


H 


H 


L 


L 


L 


L 


Braking 


H 



BLOCK DIAGRAM 




2 DRIVER POWER SUPPLY 2 



<8)VR OUTPUT CONTROL INPUT 
@OUT1 OUTPUT 1 
£)OUT2 OUTPUT 2 
3JOUT3 OUTPUT 3 



{pGND GND 
7)V CC 1 POWER SUPPLY 1 
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DUAL BI-DIRECTIONAL MOTOR DRIVER 



ABSOLUTE MAXIMUM RATING (T a =25°C, unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


Vccd) 


Supply voltage (1 ) 




-0. 5 1-20. 0 


V 


V C C(2) 


Supply voltage (2) 




-0. 5 h22. 0 


V 


V, 


Input voltage 




-0. 5 h7. 0 


V 


Vo 


Output voltage 




-2. 0~Vcc+2. 5 


V 


lop 


Peak output current 


top^50ms, duty cycle 1/50 


±1.60 


A 


lo 


Continuous output current 


Note 1 


±600 


mA 


Pd 


Power dissipation 


Time of power applicatton 10s or less 


2. 78 


W 


Topr 


Operating ambient temperature 




-20 — h75 


°C 


Tstg 


Storage temperature range 




-55 — H25 


°C 



RECOMMENDED OPERATING CONDITIONS (T a =25C unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Limits 


Unit 


Mm 


Typ 


Max 


Vccd) 


Supply voltage (1 ) 




4.0 


12.0 


18.0 


V 


Vcc(2) 


Supply voltage (2) 




0.0 




22.0 


V 


lo 


Output current 








±600 


mA 


V,h 


"H" input voltage 




3.5 




Vcc 


V 


V, L 


"L" input voltage 




0.0 




1.0 


V 


V R 


Control voltage 




0.0 




18.0 


V 


Ton 


Thermal shutdown temperature 




125 


150 




°C 


^Tqn-OFF 


Hysteresis temperature width 






50 




°C 



ELECTRICAL CHARACTERISTICS (T a =25°C, unless oterwise noted) 



Simbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


'o(leak) 


Output leakage current 


Output open V o =0 or 20V 


V C ci, 2=20V 






±100 


M A 


Vol 


"L" output saturation voltage 


l OL =500mA 


V C ci,2=12V 






1.5 


V 


Voh 


"H" output saturation voltage 


l 0H = -500mA 


V C ci,2=12V 


10.0 






V 


^V 0 


"H" input current 


l o =±500mA V R =6. 0V 


V CC 1,2=12V 


-0.5 




0.5 


V 


Ir 


"L" input current 


l o ±500mA V R =6. OV 


V CC i,2=12V 


0.2 




1.5 


mA 


Icci 


Supply current 


Vini, 2, 3=1- 0V l o =0mA 


V C ci,2=12V 




8.0 


24.0 


mA 
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M54649L 



DUAL BI-DIRECTIONAL MOTOR DRIVER 



TYPICAL CHARACTERISTICS 

ALLOWABLE AVERAGE 
POWER DISSIPATION 



o ^ 



< ! 

I! 



. 3.0 
<2. 78 



2.0 

1.42 
1.0 



• Minimun 

• Mountec 
cover or 

• t : time f 

t=10sec 
t=30sec 


i heat prot 
on an ep< 
one side 

or power a 


ection at 12 
3xy PC boa 
(50X50X0 
ppli cation 
pulse 


5°C 

rd with Cu 
8mm] 

at single__ 
duration 


t=oo 

















25 



50 



100 



AMBIENT TEMPERATURE T a (°C) 



APPLICATION EXAMPLE 



M54649L 

GND 0 2 0 3 IN1 IN2 IN3 V CC i V R V CC2 O, 



control: 

SIGNAL^ 



Cm 



-<M>- 



Hr- 
C R 



10 



R0 



30/uF 



1 

1 



16V 



]0/uF 



I 



12V 



: R2 



CM 
Ro 

OS) 



: Noise absorbing capacitor when the motor is 
driven should be less than 0.1^ F. 
' Current limiting resistor when output is shorted. 
: The "H" output voltage V 0 (n) is given in, 

V 0 (n)%VcciX Ri ^ 2 R2 

If the resistance of the R-i and R 2 , the output cur- 
rent V 0 (h) is higher than the V R (pin 8). 



C R I If separate power supply is used for the V R (pin 
8), the output may oscillate. In this case, a capa- 
citor C R (0.01/iF) must be connected between 
the V R (pin 8) and V cc 2 (pin 9). 
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DUAL BI-DIRECTIONAL MOTOR DRIVER 



PRECAUTIONS FOR USE 

1. Input circuit schematic diagram 



PINS 4, 5,6<>- 



5k 



- 7. 8V X 













\ 









- V c , 



— TO THE INTERNAL CIRCUIT 



: 10k 



FROM THE INTERNAL CIRCUIT 
GND 



Apply 3.5V-V CC to the ON voltage (V, H ) and 0-1V to the 
OFF voltage (V IL ) of the input. 

If the input voltage reaches approximately 7.8V or above, 
the impedance changes to approximately 5k O and, there- 
fore the voltage should be kept below 7V. 



2. Output voltage control method 

The output cotrol circuit using the pin 8 is described on the 
right, and the voltage which is almost equal to the 8 pin vol- 
tage is output from the circuit. ("H" side) 
If pin 8 is open, the maximum output voltage is available 
when V C c2>V C ci and the voltage is given in, 

Vo=V C ci-Vsat(Trl)-V BE (Tr2)-V B E(Tr3) 
The output voltage can be controlled by varying the V CC i in 
this condition. 

3. Precaution for braking 

Care must be taken to braking mode input because the 
motor may affect other motors at the moment when it is 
switched from driving condition to braking condition. 




v cc1 



OUT 
o 2,3, 10 PIN 



4. Allowable power dissapation 

The allowable power dissipation of the IC (Pd), when V C c2 
>V C ci. is given by. 

Pd=VcciXl CC i+Jo IVcc2-Voh+V 0 lI 
The equipment must be so designed as not exceed this 
limit. 



5. Thermal shutdown 

The internal thermal shutdown circuit is provided to protect 
the IC from overheating when excessive power is applied. 
The protection circuit functions when the temperature of the 
IC reaches 150°C (Min. 125°C), and all outputs are in the 
OPEN mode, and is canceled when the temperature is de- 
creased to 100°C (Max. 125°C). 
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M54649L 



DUAL BI-DIRECTIONAL MOTOR DRIVER 



6. Aso Characteristics 



LU 

cr 
cr 



2.0- 



1.6 




POWER APPLICATION 
TIME 200msec 




1.0 - 



0 



0 



4 



8 



12 



14 



16 



20 



COLLECTOR-EMITTER VOLTAGE V CE (V) 



7. Others 

Capacitors which are connected between power supply 
and GND should be placed as close to the IC as possible. 
Care should be taken as the capacitors may cause oscilla- 
tion otherwise. 



/ 
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□ 



QUICK REFERENCE TABLE OF ANALOG SWITCHES 



0 

-1 




No of switches 




Maximum ratings 


Electrical characteristics (typ.) 


Package 
Outline , 


Structi 


Type 


No of 
inputs 


No of 
circuits 


Features 


Supply 
voltage 


Analog signal 
input voltage 


Allowable power 
dissipation 


Crosstalk 


Frequency 
bandwidth 


Offset 
voltage 


Distortion 
@1kHz 


Output noise 




M4016BP 


1 


4 


On resistance: 250 Q typ. 

(V DD =15V) 


20V 


Vss-0. 5V 
V DD +0. 5V 


- 


- 


12MHz 


- 


0. 3% 


- 


14-pin DIP 




M4051 


8 


1 


On resistance: 50 Q typ. 

(V DD =15V) 


20V 


V EE — 0. 5V 
V DD +0. 5V 


- 


- 


25MHz 


- 


0. 07% 


i 


16-pin DIP 
16-pin FLAT 


CMOS 


M4052 


4 


2 


On resistance: 50 Q typ. 

(V DD =15V) 


20V 


V EE — 0. 5V 
V DD +0. 5V 


- 


- - 


25MHz 


- 


0. 07% 




16-pin DIP 
16-pin FLAT 


M4053 


2 


3 


On resistance: 50 Q typ. 

(V DD =15V) 


20V 


V EE — 0. 5V 
V DD +0. 5V 


- 


- 


25MHz 


- 


0. 07% 




16-pin DIP 
16-pin FLAT 




M4066 


1 


4 


On resistance: 50 Q typ. 

(V DD =15V) 


20V 


Vss-0. 5V 
V DD +0. 5V 


- 


- 


25MHz 


- 


0. 07% 


- 


14-pin DIP 
14-pin FLAT 




M51320P 


2 


3 


3 circuits independent switching 


14V 


6V 


1.25W 


55dB 
at5MHz 


10MHz 

( Video \ 
\ switch V 


100mV 


0. 02% 


50//Vrms 

/ Audio \ 
\ switch / 


16-pin DIP 




M51321P 


3 


3 


3 circuits simultaneous switching 


14V 


6V 


1.25W 


55dB 
at5MHz 


10MHz 

/ Video \ 
\ switch / 


100mV 


0. 02% 


50//Vrms 

/ Audio ^ 
\ switch / 


18-pin DIP 




M51326P 


2 


3 


3 circuits independent switching 


14V 


6V 


1.25W 


55dB 
at5MHz 


10MHz 

( Video \ 
V switch / 


lOOmV 


0. 02% 


50//Vrms 

/ Audio *\ 
V. switch / 


16-pin DIP 


Bipolar 


M51327P 


3 


3 


3 circuits simultaneous switching 


14V 


6V 


1.25W 


55dB 
at5MHz 


10MHz 

/Video N 
\ switch / 


lOOmV 


0. 02% 


50//Vrms 

/ Audio \ 
V switch / 


18-pin DIP 


M51329P 


3 


3 


Audio and visual independent switching 


14V 


6V 


1.25W 


55dB 
at5MHz 


10MHz 

/Video N 
\ switch / 


100mV 


0. 02% 


50//Vrms 

/ Audio \ 
\ switch / 


18-pin DIP 




M51330P 


3 


3 


Audio and visual independent switching 


14V 


6V 


1.25W 


55dB 
at5MHz 


10MHz 

/ Video "\ 
\ switch / 


100mV 


0. 02% 


50//Vrms 

/ Audio \ 
\ switch / 


18-pin DIP 




M51551 


2 


2 


Low distortion: 0. 006% 

Built-in channel indication LED driver 


24V 




620mW 


52dB 
at 1 kHz 


100kHz 




0. 006% 


5. 5fic\/rms 


14-pin DIP 
14-pin FLAT 




14-pin DIP 



4^ 



14-pin FLAT 




16-pin DIP 



16-pin FLAT 




18-pin DIP 



MITSUBISHI CMOS LOGIC 

M4016BP 

QUADRUPLE BILATERAL SWITCH 



DESCRIPTION 

The M4016BP is a semiconductor integrated circuit consist- 
ing of four independent bilateral analog switches. 

FEATURES 

• ON resistance: 250fityp. (V DD =15V) 

• High OFF resistance: 10 9 £2 or greater (typ) 

• Small differences in ON resistance between each 
switch in the package: 10H typ. (V DD =15V) 

• Wide operating voltage range: V DD =3~18V 

• Wide operating temperature range: T a =— 40~+85°C 

APPLICATION 

General purpose, for use in industrial and consumer digital 
equipment. 

FUNCTIONAL DESCRIPTION 

The control input (C )N ) can be used to change the input-to- 
output impedance ( IN/OUT-OUT/IN) of the switches. 
When (C| N ) is made high, the input-to-output switch impe- 
dance is low and wehn set to low, this impedance is high. 



Input 


Input/ output and output/input resistance (V D d = 10V, 15V) 


C|N 


H 


2-20X1 o 2 n 


L 


>10 9 n (typ) 



PIN CONFIGURATION (TOP VIEW) 

53 



cJJEK 1 1N/OUT " 

OUTPUTS/ j 10UT/,N < 
,NPUTS |20UT/IN< 

oBRffi? 2IN/OUT< 
2C IN - 



CONTROL 
INPUTS 




3Cin - 
Vss 



■ ' i — il14| V DD 

— 1 IN CONTROL 

-]2]-4C 1N | ,NPUTS 

f r—^^N/OUT SJJSKr 

]IC| N IN/OUTI . 
J ou[>' w r 1M~40UT/IN) 
l Jp OUTPUTS/ 

' INPUTS 



>[][-] I OUT/IN I l T\ 

|c IN in/out) — 1 

^L^nci^ ]^3, N/0UT ^ut/ t 



►30UT/IN) 



Outline 14P4 



CIRCUIT SCHEMATIC (EACH SWITCH) 



INPUT/OUTPUT 
IN /OUT 



CONTROL INPUT 
CONTROL IN C 



re 



Ui 



h-*> 



OUT/IN 
OUTPUT/INPUT 



LOGIC DIAGRAM (EACH SWITCH) 



INPUT/OUTPUT 
IMOUTO — 



CONTROL INPUT 
CONTROL INO 




OUTPUT/INPUT 
o OUT/IN 



ABSOLUTE MAXIMUM RATINGS (T a =-40~+85°C, unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


V DD 


Supply voltage 




Vss-0. 5~V ss +20 


V 


V, 


Input voltage 




Vss-0. 5~V DD +0. 5 


V 




Input current 


Control inputs 


±10 


mA 


lo 


Output current 




±10 


mA 


Topr 


Operating temperature range 




-40-+85 


°C 


Tstg 


Storage temperature range 




-65 — hi 50 


°C 
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QUADRUPLE BILATERAL SWITCH 



RECOMMENDED OPERATING CONDITIONS (T a =-40~+85°C, V ss =0V, unless otherwise noted) 



Symbol 


Parameter 


Limits 


Unit 


Min 


Typ 


Max 


v DD 


Supply voltage 


3 




18 


V 


V, 


Input voltage 


0 




V DD 


V 



ELECTRICAL CHARACTERISTICS <Vss=ov) 













Limits 




Symbol 


Parameter 


Test conditions 








-40°C 


25°C 


85°C 


Unit 








Vss(V) 


Vdd(V) 


Min 


Max 


Min 


Typ 


Max 


Min 


Max 










0 


5 


3.5 






3.5 






3.5 






V IH 


"H" input voltage (Cin) 


Input-to-output current=1G>A 


0 
0 


10 
15 


7.0 
11.0 






7.0 
11.0 






7.0 
11.0 




V 








0 


5 






1.0 






1.0 




1.0 




V, L 


"L" input current (Cin) 


Input-to-output current=10^A 


0 
0 


10 
15 






1.0 
1.0 






1.0 
1.0 




1.0 
1.0 


V 






V,=5V 


0 


5 










600 














V,=2. 5V 


0 


5 










6000 














V,=0. 25V 


0 


5 










600 














V,=10V 


0 


10" 






600 






700 




900 








V,=5V 


0 


10 






1300 






1500 




2000 








V,=0. 25V 


0 


10 






600 






700 




900 








V,= 15V 


0 


15 






430 






500 




650 




Ron 


ON resistance 


V,=7. 5V 
V,=0. 25V 


0 
0 


15 
15 






800 
430 






950 
500 




1200 
650 








V,=5V 


-5 


5 






600 






700 




900 








V,=±0. 25V 


-5 


5 






1300 






1500 




2000 








V,=-5V 


-5 


5 






600 






700 




900 








V,=7. 5V 


-7.5 


7.5 






430 






500 




650 








V— ±0. 25V 


-7.5 


7.5 






800 






950 




1200 






Test circuit 1 


V,=— 7. 5V 


-7.5 


7.5 






430 






500 




650 






ON resistance variations 
between switches of the 
same package 




-5 
-7.5 


5 

7.5 








15 
10 








CI 






V l/o =10V, V O /i=0V 


0 


10 












125 










Input/ output off-state 


V t /o=0V ( V O /i=10V 


0 


10 












-125 






nA 


'off 


leakage current 


V, /0 =18V, V O /i=0V 
V, /o =0V, V 0 /i=18V 


0 
0 


18 
18 






250 
-250 






250 
-250 




1000 
-1000 








0 


5 






1 






1 




7.5 




'dd 


Quiescent supply current 


V,(C, N )=V DD( V ss 


0 
0 


10 
15 






2 
4 






2 
4 




15 
30 


/uA 


'iH 


"H" input current (Cin) 


V,= 18V 


0 


18 




0.3 






O.ky 




1.0 


M A 


IlL 


"L" input current (Cin) 


V| L =0V 


0 


18 




-0.3 






-0.3 




-1.0 
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A MITSUBISHI 
ELECTRIC 



MITSUBISHI CMOS LOGIC 

M4016BP 



QUADRUPLE BILATERAL SWITCH 



SWITCHING CHARACTERISTICS (T.-25t) 



Symbol 


Parameter 


Test conditions 




Limits 


Unit 


v ss (v) 


V DD (V) 


Min 


Typ 


Max 


fmaxd/o) 


Maximum transfer frequency 


R L =2kfl 


C L =15pF 
Test circuit 2 


-5 


5 




18 




MHz 


R L =10kn 


-5 


5 




15 




R L =100kn 


-5 


5 




12 




fmax(c )N ) 


Maximum control frequency 


R L =300n 

C L =15pF Test circuit 3 


0 
0 
0 


5 
10 
15 




4 

10 
12 




MHz 


tpi_H 


"L-H" and "H-L" output propagation time 
(IN/OUT-OUT/IN) 


R L =10kfl 

C L =50pF Test circuit 4 


0 
0 
0 


5 
10 
15 






100 
40 
30 


ns 


tpHL 


0 
0 
0 


5 
10 
15 






100 
40 
30 


ns 


tpi_H 


"L-H" and "H-L" output propagation time 
(CONTROL IN-OUT/IN) 


R L =10kn 

C L =50pF Test circuit 5 


0 
0 
0 


5 
10 
15 






140 
60 
50 


ns 


tpHL 


0 
0 
0 


5 
10 
15 






140 
60 
50 


ns 




Sine-wave distortion 


R L =10kn 

f,=1kHz Test circuit 2 


-5 


5 




0.3 




% 




Feedthrough (switch off) 


R L =1kfi Test circuit 6 


-5 


5 




600 




kHz 




Crosstalk 

(CONTROL IN-OUT/IN) 


R,=1kfl 
R L =10kQ 

Cl=15pF Test circuit 7 


0 
0 
0 


5 
10 
15 




80 
150 
210 




mV 


c, 


Input capacitance 


Control input 




5 




PF 


Switch input/output 




4 





TEST CIRCUITS 



1 ON resistance (R 0 n) 



v,o 




r on =iox (v ' Vo) (kn) 

Vo 



R L =10kO 



2 I Maximum transfer frequency (fmax(l/0)) 
Sine-wave distortion 



AC voltmeter 




> r l Distortion 



6Vss 

fmax(l/0) is taken as that frequency f| at which, using 
sine-wave input of 2. 5V P . Pl 20 log 10 (V 0 /V|) = -3dB 
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MITSUBISHI CMOS LOGIC 

M4016BP 



QUADRUPLE BILATERAL SWITCH 



3 1 Maximum control frequency (fmax(C| N )) 

V DD 




O OUT/IN 



CONTROL IN 



TIMING DIAGRAM 

20ns 20ns 



CONTROL IN 



/90% \ 90% 
f-50% \ 
f 10% \i£% 



l/f, 



50% 



OUT/IN 



fmax(C| N ) is taken as that frequency f| at which the output 
amplitude (V Q ) is 1/2 that at 1 kHz. 



4 "L-H" and "H-L" output propagation time 
— (IN/OUT-OUT/IN) 



IN/OUT O 




oOUT/IN 



TIMING DIAGRAM 

20ns 



IN/OUT 



OUT/IN 



^50% 
10% 



20ns 



90% 
50% 
10% 



^^50% 



5 "L-H" and "H-L" output propagation time 
(CONTROL IN-OUT/IN) 




CONTROL IN a 



S A =1,S B =2 

TIMING DIAGRAM 

CONTROL IN 



S A =2, S B =1 




OUT/IN 



y^50% 



tpHL 





L 90% 


CONTROL IN J 


i 


50% 






10% 






c j0ns 








OUT/IN 


^^50% 




tpLH 



6 Feedthrough 



IN/OUT O 



OQUT/IN 




The feedthrough is taken as that frequency f| at which, using 
a sine-wave input of 2.5V P . Pl 20 log 10 (V o /V,) = -50dB. 



Crosstalk 



20ns 20ns 




OOUT/IN 



CONTROL 



Rl< =r= C i- 
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A MITSUBISHI 
ELECTRIC 



MITSUBISHI CMOS LOGIC 



M4051BP 
M4051BFP 

8-CHANNEL ANALOG MULTIPLEXER/DEMULTIPLEXER 



DESCRIPTION 

The M4051BP is a semiconductor integrated circuit consist- 
ing of a multiplexer/demultiplexer which uses a 3-bit digital 
input to perform selection of eight analog switches. 

FEATURES 

• Low ON resistance: 50fityp. (V DD =15V) 

• High OFF resistance: 10 9 Hor greater (typ) 

• Small differences iin ON resistance between each 
switch in the package: 10 CI typ. (V DD = 7.5V, V ss = — 
7.5V) 

• Linearized transfer characteristics: 0.07% distortion 
(typ) 

• Signals with amplitude greater than the logic level am- 
plitude of the control inputs may be switched. 

• Provided with an inhibit input 



PIN CONFIGURATION (TOP VIEW) 



[X4~[T 



CHANNEL 
INPUTS/OUTPUTS | x 6 ^ |T — 

C °OUT°H COMMON -[T 

x 7 ~[7 

INHIBIT INPUT INHIBIT 

V EE U 
V SS H 



CHANNEL 
INPUTS/OUTPUTS | 





x 2 


COM 


Xi 


x 7 


Xo 


x 5 


x 3 


INH 


A 


c 


B 



lU v D 

15] ~X 2 

T3]~Xo 
T|~X3 
TT]^a 

lOj— B 

Y|«-c 



Outline 



16P4 
16P2N 



CHANNEL 
INPUTS/OUTPUTS 



CONTROL INPUTS 



APPLICATION 

General purpose, for use in industrial and consumer digital 
eguipment. 

FUNCTIONAL DESCRIPTION 

When a 3-bit binary input signal is applied to the control in- 
puts (A, B, and C) , the channel number corresponding to 
the binary value input (X Q through X 7 ) is set at low impe- 
dance with respect to the (COMMON). All other channels 
remain at high impedance. 

In this operation, if the (INHIBIT) input is held high, all 
channels (X 0 through X 7 ) will be put in the high-impedance 
state, regardless of the state of the other inputs. 
It is possible to switch an analog signal of amplitude V DD - 
Vee if this is greater than the logic level span Vqd-Vss 

for 

inputs (A, B, and C). 



FUNCTION TABLE (NoteD 



Inhibit 
input 


Control 
inputs 


Channel INPUT/OUTPUT to COMMON switch selection 


INHIBIT 


C 


B 


A 


Xo 


Xi 


x 2 


x 3 


X4 


x 5 


Xe 


x 7 


L 


L 


L 


L 


ON 


OFF 


OFF 


OFF 


OFF 


OFF 


OFF 


OFF 


L 


L 


L 


H 


OFF 


ON 


OFF 


OFF 


OFF 


OFF 


OFF 


OFF 


L 


L 


H 


L 


OFF 


OFF 


ON 


OFF 


OFF 


OFF 


OFF 


OFF 


L 


L 


H 


H 


OFF 


OFF 


OFF 


ON 


OFF 


OFF 


OFF 


OFF 


L 


H 


L 


L 


OFF 


OFF 


OFF 


OFF 


ON 


OFF 


OFF 


OFF 


L 


H 


. L 


H 


OFF 


OFF 


OFF 


OFF 


OFF 


ON 


OFF 


OFF 


L 


H 


H 


L 


OFF 


OFF 


OFF 


OFF 


OFF 


OFF 


ON 


OFF 


L 


H 


H 


H 


OFF 


OFF 


OFF 


OFF 


OFF 


OFF 


OFF 


ON 


H 


X 


X 


X 


OFF 


OFF 


OFF 


OFF 


OFF 


OFF 


OFF 


OFF 



Note 1 X : Irrelevant 

ON : Low impedance between X n and COMMON (n=0~7) 
OFF : High impedance between X n and COMMON (n=0~7) 



LOGIC DIAGRAM 



CONTROL 
INPUTS 



i 

* < T > ~F 

3 <i> 



<J6>- 



C( 9 



INHIBIT INPUTi 
INHIBIT (B ] 




— H>°t^- 





IN/OUT 
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MITSUBISHI CMOS LOGIC 

M4051BP 
M4051BFP 

8-CHANNEL ANALOG MULTIPLEXER/DEMULTIPLEXER 



ABSOLUTE MAXIMUM RATINGS (T a =-40~+85°C, unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


Vod-Vss 


Supply voltage 




-0. 5-20 


V 


v DD -v EE 


-0. 5~20 


V 




Input voltage 


Control and inhibit inputs 


Vss-0. 5~V DD +0. 5 


V 


Channel and common inputs 


V EE -0. 5~V DD +0. 5 


V,o 


Input-to-output voltage 




±0.5 


V 


li 


Input current 


Control and inhibit inputs 


±10 


mA 


lo 


Output current 


Switch-off 


±10 


mA 


V 0 


Output voltage 


Channel and common outputs 


V EE — 0. 5~V DD +0. 5 


V 


Topr 


Operating temperature range 




-40 — h85 


°C 


Tstg 


Storage temperature range 




-65-+150 


°C 



RECOMMENDED OPERATNG CONDITING CONDITIONS (T a =-40~+85'C, unless otherwise noted) 



Symbol 


Parameter 


Limits 


Unit 


Mm 


Typ 


Max 


Vdd-Vss 


\ 

Supply voltage 


3 




18 


V 


v DD -v EE 


3 




18 


V 


V, 


Input voltage 


Control and inhibit inputs 


V S s 




V DD 


V 


Channel and common inputs 


v EE 




Vdd 


Vo 


Output voltage 


v EE 




v DD 


V 



ELECTRICAL CHARACTERISTICS (v S s=ov) 













Limits 




oyrnuui 


Parameter 


Test conditions 






-40°C 


25°C 


85°C 


Unit 








v EE (v) 


v DD (v) 


Min 


Max 


Min 


Typ 


Max 


Mm 


Max 




V, H 


"H" input voltage 
(A, B, C, INHIBIT) 


Input-to-output current=10>A 


0 
0 
0 


5 
10 
15 


3.5 
7.0 
11.0 




3.5 
7.0 
11.0 






3.5 
7.0 
11.0 




V 


v, L 


"L" input current 
(A, B, C, INHIBIT) 


Input-to-output current=10>A 


0 
0 
0 


5 
10 
15 




1.5 
3.0 
4.0 






1.5 
3.0 
4.0 




1.5 
3.0 
4.0 


V 






V,=5V 


0 


5 






500 






600 




800 








V,=2. 5V 


0 


5 






850 






950 




1300 








V,=0. 25V 


0 


5 






500 






600 




800 








V,=10V 


0 


10 






210 






250 




300 








V,=5V 


0 


10 






210 






250 




300 








V,=0. 25V 


0 


10 






210 






250 




300 








V,= 15V 


0 


15 






140 






160 




200 




Ron 


ON resistance 


V,=7. 5V 
V,=0. 25V 


0 
0 


15 
15 






140 
140 






160 
160 




200 
200 


n 






V,=5V 


-5 


5 






210 






250 




300 








V,=±0. 25V 


-5 


5 






210 






250 




300 








V,=-5V 


-5 


5 






210 






250 




300 








V,=7. 5 V 


-7.5 


7.5 






140 






160 




200 








V,=±0. 25 V 


-7.5 


7.5 






140 






160 




200 






Test circuit 1 


V,=-7. 5V 


-7.5 


7.5 






, 140 






160 




200 






ON resistance variations 




-2.5 


2.5 










30 










^Ron 


between switches of the 
same pckage 




-5 
-7.5 


5 

7.5 










15 
10 








n 


'off 


Input-to-output 
off-state leakage current 
(X 0 ~X 7 -COMMON) 


V,/o=10V, V O /i=0V 
V|/ 0 =OV, V O /i=10V 
V,/o=18V, V O /i=0V 
V|/ 0 =OV, V 0 /i=18V 


0 
0 
0 
0 


10 
10 
18 
18 




250 
-250 






125 
-125 

250 
-250 




1000 
-1000 


nA 








0 


5 






20 






20 




150 




Idd 


Quiescent supply current 


V,=V DD> V ss 


0 
0 


10 
15 






40 
80 






40 
80 




300 
600 


m a 


l|H 


"H" input corrent 
(A~C. INH) 


V, H =18V 


0 


18 




0.3 






0.3 




1.0 


juA 




"L" input current 
(A~C. INH) 


v IL =ov 


0 


18 




-0.3 






-0.3 




-1.0 


juA 



A MITSUBISHI 
ELECTRIC 



MITSUBISHI CMOS LOGIC 

M4051BP 
M4051BFP 

8-CHANNEL ANALOG MULTIPLEXER/DEMULTIPLEXER 



SWITCHING CHARACTERISTCS (T.-Z5t. v ss =ov) 



Symbol 


Parameter 


Tset conditions 






Limits 


Unit 


V EE (V) 


v DD (v) 


Min 


Typ 


Max 


Imay( i /o 
1 1 laAv t 


Maximum transfer frequency 


R L =10kn 

C L =15pF Test circuit 2 


—5 


5 




25 




MHz 








0 


5 






1000 










0 


10 






500 




tpLH 






0 

-5 


15 
5 






400 
700 


ns 




"L-H" and "H-L" output propagation time 


R L =10kn 


-7.5 


7.5 






500 






(A, B, C-Xo~X 7l COMMON) 


C L =50pF Test circuit 3 


0 
0 


5 
10 






1000 
500 




tpHL 






0 

-5 
-7.5 


15 
5 

7.5 






400 
700 
500 


ns 








0 


5 






1400 










0 


10 






700 




tpLH 






0 

-5 


15 
5 






500 
900 


ns 




"L-H" and "H-L" output propation time 


R L =10kn 


-7.5 


7.5 






500 






(INHIBIT-X 0 ~X 7 , COMMON) 


C L =50pF Tset circuit 4 


0 
0 


5 
10 






1400 
700 




tpHL 






0 

-5 
-7.5 


15 
5 

7.5 






500 
900 
500 


ns 








0 


5 






45 




tpLH 






0 


10 






30 


ns 




"L-H" and "H-L" output propagation time 


R L =10kn 


0 


15 






20 






(Xo~X 7 /COMMON-COMMON/Xo~X 7 ) 


C L =50pF Test circuit 5 


0 


5 






45 




tpHL 






0 
0 


10 
15 






30 
20 


ns 




Sine-wave distortion 


R L =10kft 

f,=1 kHz Test circuit 2 


-5 


5 




0.1 




% 




Feedthroudh (switch off) 


R L =1kfl Test circuit 6 


-5 


5 




500 




kHz 




Crosstalk 

(A, B, C, INHIBIT-X 0 ~X 7 , COMMON) 


R,=1kfl 
R L =10kH 

C L =15pF Test circuit 7 


0 
0 
0 


5 
10 
15 




200 
300 
400 




mV 


c, 


Input capacitance 


Control and inhibit inputs 






7.5 


PF 


Channel and common inputs 




10 





TEST CIRCUITS (V S s = 0V, capacitance C L includes stray wirig capacitance and probe input capacitance) 

1 | ON resistance (R ON ) 



2.\ Maximum transfer freguency (fmax(l/Q)) 



i 



c 

INH 



6 

V SS 




Ron=10X 



(Vi-Vq) 



Ckn] 



Refer to the function table for conditions of control inputs A, 
B, and C. 



Sine-wave distortion 





A 




BO 


B 






C 






INH 




0 








"C L <>R U Distortion 
meter 



fmax (I/O) is taken as that frequency f| at which, using a 
sine-wave input of 2 5V P . P) 20 log 10 (V o /V,) = -3dB. Refer to 
the function table for conditions of control inputs A, B, and C. 
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M4051BP 
M4051BFP 

8-CHANNEL ANALOG MULTIPLEXER/DEMULTIPLEXER 



3 "L-H" and "H-L" output propagation time 

(A, B, C-X 0 -X 7l COMMON) 




x 0 ~x 7 

COMMON 



COMMON 

x 0 ~x 7 



TIMNG DIAGRAM 

S A =1,S B =2 

A, B, C 



S A =2, S B =1 



COMMON 
Xq X 7 



90% 
50% 
10% 
20ns 



A, B, C 



50% COMMON 

x 0 ~x 7 




6 1 Feedthrough 



Refer to the function table for conditions of control inputs A, B, and C 



"L-H" and "H-L" output propagation time 

(INHIBIT-X 0 -X 7 , COMMON) 



AC 
BC 
CC 

INHIBIT C 




S B COMMON 
X 0 ~X 7 



TIMNG DIAGRAM 



S A =1,S B =2 



Sa=2, S b =1 



90% 
50% 
10% 



COMMON 
Xq~X 7 



20ns 



INHIBIT 




Refer to the function table for conditions of control inputs A, B, and C. 



5 "L-H" and "H-L" output propagation time 

(X 0 -X 7 /COMMON-COMMON/X 0 -X 7 ) 



OVp 



A 
B 
C 

1— llNH 



x 0 ~x 7 

COMMON 



C L 



L 



6v ss 6v EE 
TIMNG DIAGRAM 

20ns 



Xo~X 7 
COMMON 



0 COMMON 

> x 0 ~x 7 



20ns 



COMMON 

x 0 ~x 7 



'50% 
10% 



tpLH 



90% 
50% 
10% 



\ 

\ 50% 



Refer to the function table for conditions of control inputs A, B, and C 




OV ss 6V EE 

The feedthrough is taken as that freguency f, at which, using 
a sine-wave input of 2.5V P . P , 20 log 10 (V o /V,) = -50dB. Refer 
to the function table for conditions of control inputs A, B, and 
C. 



Crosstalk 



AC 
BC 
CC 

INHIBITC 



A, B, C, INHIBIT 



20ns 20ns 

Jmo%\_ 



A 
B 

C 

INH 



c L >r l 



Refer to the function table for conditions of control inputs A, B, and C. 
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A MITSUBISHI 
ELECTRIC 



MITSUBISHI CMOS LOGIC 

M4052BP 
M4052BFP 

DUAL 4-CHANNEL ANALOG MULTIPLEXER/DEMULTIPLEXER 



DESCRIPTION 

The M4052BP is a semiconductor integrated circuit consist- 
ing of two multiplexer/demultiplexers which use 2-bit digit- 
al inputs to perform selection of four analog switches. 

FEATURES 

• Low ON resistance: 50Htyp. (V DD =15V) 

• High OFF resistance: 10 9 Hor greater (typ) 

• Small differences in ON resistance between each 
switch in the package: 10 H typ. (V DD = 7.5V, V S s = — 
7.5V) 

• Linearized transfer characteristics: 0.07% distortion 
(typ) 

• Signals with amplitude greater than the logic level am- 
plitude of the control inputs may be switched. 

• Provided with an inhibit input 



PIN COFIGRATION (TOP VIEW) 



CHANNEL ) 2X 0 |T 
2X 2 ~[T 

dON LI 



INPUTS/ 
OUTPUTS 



COMMON 

OUT/IN COMMON 

CHANNEL I 2Xi ++[T 
INPUTS/ i — 
OUTPUTS I 2X 1 **\ 5 

INHIBIT INPUT INHIBIT —*■ [IT 

v EE [7 

Vss |T 



2X 2 1X 2 Ti]** 1X 2 | CHANNEL 
C0M 1X 1 



I — , ) INPUTS/ 

— W\++ 1Xi I OUTPUTS 



1X- 



' 3 COM 



2X3 , 
2Xi 1X 0 
INH 1X3 



1X- COMMON 
COMMON OUT/IN 



0 CHANNEL 
I — . INPUTS/ 
— JjJ 1 X 3 OUTPUTS 



-To]- A 

J]-B 



CONTROL INPUT 



Outline 16P4 
uumne 16p2N 



APPLICATION 

General purpose, for use in industrial and consumer digital 
eguipment. 

FUNCTIONAL DESCRIPTION 

When a 2-bit binary input signal is applied to the control in- 
puts (A and B), the channel number corresponding to the 
binary value input (X Q through X 3 ) is set at low impedance 
with respect to the corresponding (X-COMMON). All other 
channels remain at high impedance. 
In this operation, if the (INHIBIT) input is held high, all 
channels (X 0 through X 3 ) will be put in the high-impedance 
state, regardless of the state of the other inputs. 
It is possible to switch an analog signal of amplitude V DD - 
V EE if this is greater than the logic level span V DD -V S s for 
inputs (A and B) 



FUNCTION TABLE ( Note 1) 



Inhibit 
input 


Control 
inputs 


Channel INPUT/OUTPUT to COMMON 
switch selection 


INHIBIT 


B 


A 


X 0 


X1 


x 2 


x 3 


L 


L 


L 


ON 


OFF 


OFF 


OFF 


L 


L 


H 


OFF 


ON 


OFF 


OFF 


L 


H 


L 


OFF 


OFF 


ON 


OFF 


L 


H 


H 


OFF 


OFF 


OFF 


ON 


H 


X 


X 


OFF 


OFF 


OFF 


OFF 



Note 1 I X ' Irrelevant 

ON : Low impedance between X n and X-COMMON (n=0~3) 
OFF *. High impedance between X n and X-COMMON (n=0~3) 



LOGIC DIAGRAM 




IN/OUT 
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ABSOLUTE MAXIMUM RATINGS (T a =-40~+85'C, unless otherwise noted) 



oyn iuui 


Paramotor 

rClI CUlltJltJF 


Conditions 


rvdiiiiyo 


Unit 


V DD -Vss 


Supply voltage 




-0. 5—20 


V 


v DD -v EE 


-0. 5~20 


V 


v, 


Input voltage 


Control and inhibit inputs 


V ss — 0. 5~V DD +0. 5 


V 


Channel and common inputs 


V EE -0. 5~V DD +0.5 


V 


V,o 


Input-to-output voltage 




±0.5 


V 


'i 


Input current 


Control and inhibit inputs 


±10 


mA 


lo 


Output current 


Switch-off 


±10 


mA 


V 0 


Output voltage 


Channel and common outputs 


V EE -0. 5~V DD +0. 5 


V 


Topr 


Operating temperature range 




-40 — H85 


°C 


Tstg 


Storage temperature range 




—65 — H50 





RECOMMENDED OPERATNG CONDITING CONDITIONS (T a =-40~+85'C, unless otherwise noted) 



Symbol 


Parameter 


Limits 


Unit 


Min 


Typ 


Max 


V DD -V SS 


Supply voltage 


3 




18 


V 


v DD -v EE 


3 




18 


V 


V, 


Input voltage 


Control and inhibit inputs 


Vss 




V DD 


V 


Channel and common inputs 


v EE 




Vdd 


V 0 


Output voltage 


v EE 




Vdd 


V 



ELECTRICAL CHARACTERISTICS (v ss =ov) 













Limits 




Symbol 


Parameter 


Test conditions 






-40°C 


25°C 


85°C 


Unit 








V EE (V) 


v DD (v) 


Min 


Max 


Min 


Typ 


Max 


Min 


Max 




V,H 


"H" input voltage 
(A, B, INHIBIT) 


Input-to-output current=10>A 


0 
0 
0 


5 
10 
15 


3.5 
7.0 
11.0 




3.5 
7.0 
11.0 






3.5 
7.0 
11.0 




V 


v, L 


"L" input current 
(A, B, INHIBIT) 


Input-to-output current=10>A 


0 
0 
0 


5 

10 
15 




1.5 
3.0 
4.0 






1.5 
3.0 
4.0 




1.5 
3.0 
4.0 


V 






V,=5V 


0 


5 






500 






600 




800 








V,=2.5V 


0 


5 






850 






950 




1300 








V|=0. 25V 


0 


5 






500 






600 




800 








V,=10V 


0 


10 






210 






250 




300 








V,=5V 


0 


10 






210 






250 




300 








V,=0.25V 


0 


10 






210 






250 




300 








V,=15V 


0 


15 






140 






160 




200 




Ron 


ON resistance 


V,=7. 5V 
V,=0. 25V 


0 
0 


15 
15 






140 
140 






160 
160 




200 
200 


n 






V,=5V 


-5 


5 






210 






250 




300 








V,=±0.25V 


-5 


5 






210 - 






250 




300 








V,=-5V 


-5 


5 






210 






250 




300 








V,=7. 5V 


-7.5 


7.5 






140 






160 




200 








V,=±0.25V 


-7.5 


7.5 






140 






160 




200 






Test circuit 1 


V,=-7. 5V 


-7.5 


7.5 






140 






160 




200 






ON resistance variations 




-2.5 


2.5 










30 












between switches of the 
same pckage 




-5 
-7.5 


5 

7.5 










15 
10 








n 


•off 


Input-to-output 
off-state leakage current 
(Xo~X 3 -X-COMMON) 


v, /0 =iov, v 0/) =ov 

V| /0 =OV, V O /i=10V 
V,/o=18V, V 0 /i=OV 
Vi/o^OV, V 0 /i=18V 


0 
0 
0 
0 


10 
10 
18 
18 




250 
-250 






125 
-125 

250 
-250 




1000 
-1000 


nA 








0 


5 






20 






20 




150 




'dd 


Quiescent supply current 


V,=V DDl V ss 


0 
0 


10 
15 






40 
80 






40 
80 




300 
600 


m a 


l|H 


"H" input current 
(A. B, INH) 


V, H =18V 


0 


18 




0.3 






0.3 




1.0 


juA 


I.L 


"L" input current 
(A. B. INH) 


' V,l=0V 


0 


18 




-0.3 






-0.3 




-1.0 


MA 
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A MITSUBISHI 
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k ELECTRIC 



MITSUBISHI CMOS LOGIC 

M4052BP 
M4052BFP 

DUAL 4-CHANNEL ANALOG MULTIPLEXER/DEMULTIPLEXER 



SWITCHING CHARACTERISTCS (v-sic. v ss =ov) 



Symbol 


Parameter 


Tset conditions 






Limits 


Unit 


V EE (V) 


v DD (v) 


Min 


Typ 


Max 


fmax(i/o) 


Maximum transfer frequency 


R L =10kfl 

l»l — lopr lest circuits 


-5 


5 




25 




MHz 








u 


0 






1000 


















500 










0 


15 

0 






400 
700 


ns 




"L-H" and "H-L" output propagation time 


Rl — 1 0kH 




/. 0 






500 






(A, B-X 0 ~X 3l X-COMMON) 


C L =50pF Test circuit 3 


0 
u 


5 

1 n 
I u 






1000 
500 




tpHL 






0 

-5 
— 7. 5 


15 
5 

7. 5 






400 
700 
500 


ns 








u 


5 






1 400 










0 


10 






700 




tpLH 






U 

5 


I 0 






ouu 
900 


ns 




"L-H" and "H-L" output propation time 


R L =10kn 


-7.5 


7.5 






500 






VllNnlDl l-Ao~A3, A-OUMMUNJ 


Ci_ = 50pF Tset circuit 4 


U 

0 


0 

10 






1400 
700 










n 
u 

— D 
-7.5 


1 5 
D 

7.5 






500 
900 
500 


ns 








0 


5 






45 




tpi_H 






n 
U 


1 n 
I u 






30 


ns 




"L-H" and "H-L" output propagation time 


R L =10kfl 


0 


15 












V AO A3/ A"OW IVI IN " A-OVw* IVI IVI IM/ AO A3; 


C L =50pF Test circuit 5 


0 


5 






45 




tpHL 






0 
0 


10 
15 






30 
20 


ns 




Sine-wave distortion 


R L =10ka 

f,=1kHz Test circuit 2 


-5 


5 




0.1 




% 




Feedthroudh (switch off) 


R L =1kH Test circuit 6 


-5 


5 




500 




kHz 




Crosstalk 

(A, B,INHIBIT-Xo~X 3 , X-COMMON) 


R,=1kf2 
R L =10kfl 

C L =15pF Test circuit 7 


0 
0 
0 


5 
10 

v 15 




200 
300 
400 




mV 


c, 


Input capacitance 


Control and inhibit inputs 






7.5 


PF 


Channel and common inputs 




10 





TEST CIRCUITS (V S s=0V, capacitance C u includes stray wirig capacitance and probe input capacitance) 

DJ 

ON resistance (Ron) 



2l Maximum transfer frequency (fmax(l/Q)) 
* — ^ Sine-wave distortion 



1 



INH 




Ron=10X (V| Vo) CkA) 

Vo 

Refer to the function table for conditions of control inputs A and B 



f\ T5V P _ P 
i/f.X/l 




fmax (I/O) is taken as that frequency f| at which, using a 
sine-wave input of 2.5V P . P , 20 log 10 (V o /V|) = — 3dB Refer to 
the function table for conditions of control inputs A and B. 
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MITSUBISHI CMOS LOGIC 

M4052BP 
M4052BFP 

DUAL 4-CHANNEL ANALOG MULTIPLEXER/DEMULTIPLEXER 



m 



5 1 "L-H" and "H-L" output propagation time 

■——^ (X0-X3/X-COMMON-X-COMMON/X0-X3) 



"L-H" and "H-L" output propagation time 

(A, B-X 0 -X 7 , COMMON) 



Ao 


A 




BO 


B 




INH 






Xo~X3 

X-COMMON 



X-COMMON 

Xq~X3 



TIMNG DIAGRAM 

S A =1,S P =2 

A, B 




S A =2, S B =1 



A, B 




X-COMMON 

Xo~X3 



90% 
50% 
10% 
20ns 



50% 

tpHL 



Refer to the function table for conditions of control inputs A 
and B. 



4 "L-H" and "H-L" output propagation time 

(INHIBIT-X 0 -X 3l X-COMMON) 





A 




BO 


B 




INHIBIT O 


INH 












C 


!> 




V 


EE 


TIMNG DIAGRAM 


S A =1.S 


b=2 




X-COMMON 

Xq~X3 



S A =2, S B =1 



INHIBIT 




Refer to the function table for conditions of control inputs A 
and B 



<j> Vp 



INH 



r— PSI— Q X °~ X: 

Nq^x-cor 



6 v ss 6 v, 

TIMNG DIAGRAM 

20ns 



COMMON 

X-COMMON 
— ^° X 0 ~X 3 



20ns 




X-COMMON 

Xq~X3 



50% 



tpLH 



^ ^0% 



tpHL 



Refer to the function table for conditions of control inputs A 
and B. 



6| Feedthrough 

1 



INH 



Al '- 



£5 



■OVo 

AC voltmeter 



6 V ss 6v EE 

The feedthrough is taken as that freguency f ( at which, using 
a sine-wave input of 2. 5V P . P , 20 log 10 (V o /V|) =— 50dB. Refer 
to the function table for conditions of control inputs A and B. 



IT 



Crosstalk 



A, B, INHIBIT 



20ns 20ns 
90% 

10% 



INHIBIT < 



I 



Cl > Rl 



Refer to the function table for conditions of control inpifts A 
and B 
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A MITSUBISHI 
ELECTRIC 



MITSUBISHI CMOS LOGIC 

M4053BP 
M4053BFP 

TRIPLE 2-CHANNEL ANALOG MULTIPLEXER/DEMULTIPLEXER 



DESCRIPTION 

The M4053BP is a semiconductor integrated circuit consit- 
ing of three multiplexer/demultiplexers which use 1-bit 
digital inputs to perform selection of two analog switches. 

FEATURES 

• Low ON resistance: 50fltyp. (V DD =15V) 

• High OFF resistance: 10 9 fl or greater (typ) 

• Small differences in ON resistance between each 
switch in the package: 10O typ. (V DD = 7.5V, Vss^ - 
7.5V) 

• Linearized transfer characteristics: 0.07% distortion 
(typ) 

• Signals with amplitude greater than the logic level am- 
plitude of the control inputs may be switched. 

• Provided with an inhibit input 

APPLICATION 

Ceneral purpose, for use in industrial and consumer digital 
eguipment. 

FUNCTIONAL DESCRIPTION 

When a 1-bit binary input signal is applied to the control in- 
puts (A), the channel numbers corresponding to the binary 
value input (X 0 , are set to low impedance with respect 
to the corresponding (X-COMMON). All other channels re- 
am at high impedance. 
In this operation, if the (INHIBIT) input is held high, all 
channels (X 0 , Xj will be put in the high-impedance state, 
regardless of the state of the other inputs. 
It is possible to switch an analog signal of amplitude V DD - 
Vee if this is greater than the logic level span Vqd-Vss 

for 

inputs (A). 



PIN COFIGRATION (TOP VIEW) 



CHANNEL 
INPUTS/OUTPUTS 



2X^(7 

2X 0 ~ [T 

3X^(7 
3X- r— 

OUT/IN COMMON "*~*"Li. 
CHANNEL o Y ^IT — 
INPUTS/OUTPUTS OA ° LL 

INHIBIT INPUT INHIBIT -*[T 
V EE \T 
Vss [T 



1- 



2Xt 
2X 0 2X- 
COM 



3X! 



1X- 
COM 

COM 1X 1 

3X 0 1X 0 

INH 1A 

2A 



3A 

T7 



——I 2X- 

1£J~ COMMON COMMON 

mI^ix- out/in 
■Ij common ' 

1X1 1 CHANNEL 

f INPUTS/OUTPUTS 

TT]^- ia I 

lol^OA I CONTROL 
2X1 INPUTS 

I]*"3A I 



Outline 16P4 
16P2N 



FUNCTION TABLE (NoteD 



Inhibit 


Control 


Channel INPUT/OUTPUT to COM- 


input 


inputs 


MON switch selection 


INHIBIT 


A 


Xo 


X1 


L 


L 


ON 


OFF 


L 


H 


OFF 


ON 


H 


X 


FF 


OFF 



Note 1 : X : Irrelevant 

ON : Low impedance between X n and X-COMMON (n=0, 1 ) 
OFF : High impedance between X n and X-COMMON (n=0, 1) 



LOGIC DIAGRAM 



CONTROL INPUTS 



INHIBIT INPUT ( 6 



* : 

OUT/IN- 



4, 



IN/OUT 



14J1X-COMMON 
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MITSUBISHI CMOS LOGIC 

M4053BP 
M4053BFP 

TRIPLE 2-CHANNEL ANALOG MULTIPLEXER/DEMULTIPLEXER 



ABSOLUTE MAXIMUM RATINGS ( T a 40~+85°C, unless otherwise noted) 



Symbol 


Parameter 


conditions 


Ratings 


Unit 


Vdd-Vss 


Supply voltage 




-0. 5-20 


V 


Vdd-V ee 


-0. 5~20 


V 


v, 


Input voltage 


Control and inhibit inputs 


Vss—0. 5— V DD +0. 5 


V 


Channel and common inputs 


Vee-0. 5~V dd +0. 5 


V,o 


Input-to-output voltage 




±0.5 


V 


'i 


Input current 


Control and inhibit inputs 


±10 


mA 


'o 


Output current 


Switch-off 


±10 


mA 


Vo 


Output voltage 


Channel and common outputs 


V EE -0. 5~V DD +0. 5 


V 


Topr 


Operating temperature range 




-40 — h85 


°C 


Tstg 


Storage temperature range 




-65 — hi 50 


°C 



RECOMMENDED OPERATNG CONDITING CONDITIONS (T a =-40~+85°C, unless otherwise noted) 



Symbol 


Parameter 


Limits 


Unit 


Min 


Typ 


Max 


Vdd-Vss 


Supply voltage 


3 




18 


V 


V DD -V ee 


3 




18 


V 


v, 


Input voltage 


Control and inhibit inputs 


Vss 




V DD 


V 


Channel and common inputs 


v EE 




V dd 


Vo 


Output voltage 


v EE 




Vdd 


V 



ELECTRICAL CHARACTERISTICS (v ss =ov) 













Limits 




Symbol 


Parameter 


Test conditions 






-401C 


25t 


85TC 


Unit 








V EE (V) 


Vdd(V) 


Min 


Max 


Min 


Typ 


Max 


Min 


Max 




V,h 


"H" input voltage 
(A, B, C, INHIBIT) 


Input-to-output current=10//A 


0 
0 
0 


5 
10 
15 


3.5 
7.0 
11.0 




3.5 
7.0 
11.0 






3.5 
7.0 
11.0 




V 


v IL 


"L" input current 
(A, B, C, INHIBIT) 


Input-to-output current=10/uA 


0 
0 
0 


5 
10 
15 




1.5 
3.0 
4.0 






1.5 
3.0 
4.0 




1.5 
3.0 
4.0 


V 






V,=5V 


0 


5 






500 






600 




800 








V,=2. 5V 


0 


5 






850 






950 




1300 








V,=0. 25V 


0 


5 






500 






600 




800 








V,=10V 


0 


10 






210 






250 




300 








V,=5V 


0 


10 






210 






250 




300 








V,=0. 25V 


0 


10 






210 






250 




300 








V,=15V 


0 


15 






140 






160 




200 




Ron 


ON resistance 


V,=7. 5V 
V,=0. 25V 


0 
0 


15 
15 






140 
140 






160 
160 




200 
200 


n 






V,=5V 


-5 


5 






210 * 






250 




300 








V,=±0.25V 


-5 


5 






210 






250 




300 








V,=-5V 


-5 


5 






210 






250 




300 








V,=7. 5V 


-7.5 


7.5 






140 






160 




200 








V,=±0. 25V 


-7.5 


7.5 






140 






160 




200 






Test circuit 1 


V,=-7. 5V 


-7.5 


7.5 






140 






160 




200 






ON resistance variations 




-2.5 


2.5 










30 










^Ron 


between switches of the 
same pckage 




-5 
-7.5 


5 

7.5 










15 
10 








a 


•off 


Input-to-output 
off-state leakage current 
(X 0 ~X r X-COMMON) 


V| /o =10V, V O /i=0V 
V,/ 0 =OV, V O /i=10V 
Vi/ 0 =18V, V 0 /i=OV 
V| /o =0V, V 0 /i=18V 


0 
0 
0 
0 


10 
10 
18 
18 




250 
-250 






125 
-125 

250 
-250 




1000 
-1000 


nA 








0 


5 






20 






20 




150 




Idd 


Quiescent supply current 


V,=V DD) V ss 


0 
0 


10 
15 






40 
80 






40 
80 




300 
600 


uA 


I.H 


"H" input corrent 
(A. INH) 


V,h=18V , 


0 


18 




0.3 






0.3 




1.0 


ma 


I.L 


"L" Input current 
(A. INH) 


V| L =0V 


0 


18 




-0.3 






-0.3 




-1.0 


MA 
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MITSUBISHI 
.ELECTRIC 



MITSUBISHI CMOS LOGIC 

M4053BP 
M4053BFP 

TRIPLE 2-CHANNEL ANALOG MULTIPLEXER/DEMULTIPLEXER 



SWITCHING CHARACTERISTCS (t«-2TC. v ss =ov) 



Symbol 


Parameter 


Tset conditions 






Limits 


Unit 


v EE (v) 


V DD (V) 


Min 


Typ 


Max 


1 1 IdAv \/\J t 


Maximum transfer frequency 


R L =10kfl 

Cu= 1 5pF Test circuit 2 


—5 


5 




25 




MHz 








0 


5 






1000 










0 


10 






500 




tpLH 






0 

—5 


15 
5 






400 
700 


ns 




"L-H" and "H-L" output propagation time 


R L =10kfl 


-7.5 


7.5 






500 






(A-Xo, X 1t X-COMMON) 


C L =50pF Test circuit 3 


0 
0 


5 

10 






1000 
500 




tpHL 






0 

-5 
-7.5 


15 
5 

7.5 






400 
700 
500 


ns 








0 


5 






1400 










0 


10 






700 




tpLH 






0 

-5 


15 
5 






500 
900 


ns 




"L-H" and "H-L" output propation time 


R L =10kfl 


-7.5 


7.5 






500 






(INHIBIT-Xo, Xi, X-COMMON) 


C L =50pF Tset circuit 4 


0 
0 


5 
10 






1400 
700 




tpHL 






0 

-5 
-7.5 


15 
5 
7.5 






500 
900 
500 


ns 








0 


5 






45 




tp|_H 






0 


10 






30 


ns 




"L-H" and "H-L" output propagation time 


R L =10kn 


0 


15 






20 






(Xo, Xi/X-COMMON-X-COMMON/Xo, Xi) 


C L =50pF Test circuits 


0 


5 






45 




tpHL 






0 
0 


10 
15 






30 
20 


ns 




Sine-wave distortion 


R L =10kfi 

fi=1kHz Test circuit 2 


-5 


5 




0.1 




% 




Feedthroudh (switch off) 


R u =1k(l Test circuit 6 


-5 


5 




500 




kHz 




Crosstalk 

(A, INHIBIT-Xo, X 1f X-COMMON) 


Ri=1kfl 
R L =10ka 

C L =15pF Test circuit 7 


0 
0 
0 


5 
10 
15 




200 
300 
400 




mV 




Input capacitance 


Control and inhibit inputs 






7.5 


PF 


Channel and common inputs 




10 





TEST CIRCUITS (Vss— OV, capacitance C L includes stray wirig capacitance and probe input capacitance) 

1 I ON resistance (Ron) 



2l Maximum transfer frequency (fmax(l/Q)) 
Sine-wave distortion 

n 



1A O 


1A 


2AO— 


2A 


3AO 


3A 




INH 



1 



<> V 0 

R L =10kn 



Ron=10X (V| Vo) [ kfl ] 

Vo 



Refer to the function table for conditions of control input A. 



1 A c 
2AC 
3AC 



6 

V ss 



1A 
2A 
3A 
INH 



f\2T 

1/f.Vl ' 



AC voltmeter 



^ — 1 DM 1 — " 



: C L S r l Distortion meter 



fmax (I/O) is taken as that frequency f, at which, using a 
sine-wave input of 2 5V P . P , 20 log 10 (V o /V,) = -3dB Refer to 
the function table for conditions of control input A 
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MITSUBISHI CMOS LOGIC 

M4053BP 
M4053BFP 

TRIPLE 2-CHANNEL ANALOG MULTIPLEXER/DEMULTIPLEXER 



'L-H" and "H-L" output propagation time 

(A-X 0 , X 1( X-COMMON) ' 




X 0 , Xt 

X-COMMON 



X-COMMON 

Xq, X-( 



TIMNG DIAGRAM 

S A =1,S B =2 



S A =2, S B =1 




X-COMMON 
Xq, Xi 



Refer to the function table for conditions of control input A. 




4 1 "L-H" and "H-L" output propagation time 

(INHIBIT-Xo, X 1( X-COMMON) 




C L 



a a a s\ „ X-COMMON 



V EE 

TIMNG DIAGRAM 

S A =1,S B =2 



S a =2, S b =1 




INHIBIT 



COMMON 




Refer to the function table for conditions of control input A. 



5 "L-H" and "H-L" output propagation time 

(Xo, X^X-COMMON-X-COMMON/Xo, Xj 



1A < 

2AC 
3AC 



1A 
2A 
3A 
INH 



i— Jol-o XoiX 

x-cc 



COMMON 



^X-COMMON 

Xq, X! 



2L 



>Rl 



6 v ss 6 v EI 
TIMNG DIAGRAM 

20ns 



20ns 




Refer to the function table for conditions of control input A. 



6 Feedthrough 



1 A C 
2AC 
3AC 




6 V. 



The feedthrough is taken as that treguency f, at which, using 
a sine-wave input of 2.5V P . P) 20 logi 0 (V o /V,) = -50dB. Refer 
to the function table for conditions of control input A. 



Crosstalk 



20ns 20ns 



A, INHIBIT 



90% 



1A C 
2AC 
3A C 
INHIBIT ( 



1A 
2A 
3A 
INH 



3* 



:C L > R|_ 



Refer to the function table for conditions of control input A. 
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A MITSUBISHI 
ELECTRIC 



MITSUBISHI CMOS LOGIC 

M4066BP 
M4066BFP 

QUADRUPLE BILATERAL SWITCH 



DESCRIPTION 

The M4066BP is a semiconductor integrated circuit consist- 
ing of four independent bilateral analog switches. 

FEATURES 

• Low ON resistance: 50Htyp. (V DD =15V) 

• High OFF resistance: 10 9 f2 or greater (typ) 

• Small differences in ON resistance between each 
switch in the package: 10O typ. (V DD =15V) 

• Linearized transfer characteristics: 0.07% distortion 
(typ) 

• Wide operating voltage range: V DD =3~18V 

• Wide operating temperature range: T a =— 40 — h85°C 



APPLICATION 

General purpose, for use 
equipment. 



in industrial and consumer digital 



FUNCTIONAL DESCRIPTION 

The control input (C| N ) can be used to change the input-to- 
output impedance ( IN/OUT-OUT/IN) of the switches. 
When (C !N ) is made high, the input-to-output switch impe- 
dance is low and when set to low, this impedance is high. 
While this device is compatible with the M4016BP, the low- 
er ON resistance and better transfer characteristics allow a 
larger input voltage range. 



Input 


Input/output and output/input resistance (V DD =10V, 15V) 


C|N 


H 


0. 5~3X10 2 fl 


L 


>10 9 fl (typ) 



PIN CONFIGURATION (TOP VIEW) 

14] 

1 2QUT/IN ^ [T J ]&|3 - 4C, 

INPUT/ PIN/OUT^rT 1 ?^^— 
OUTPUT ^'N/UU I -y- I r— 

. |C,n IN/OUTI 

2c IN -*|T- J l 0UT/IN 1 



outputs/I 10 ^ 1 ^!!-^^ 1 iHhic, 

inputs I rr i . i 



control 
inputs 



3C, N -|7 
Vss U 

Outline 14P4 



control 
inputs 



ni~4iN/ouT a 

°y }'' N 1 f T0j — 40UT/IN 
[ ouI/in I 1 T] 30UT/IN 

|C IN IN/OUTl — J 

^-tU-aiN/OUTgJ?^ 



OUTPUTS/ 
INPUTS 



CIRCUIT SCHEMATIC (EACH SWITCH) 



INPUT/OUTPUT 
IN/OUT 



CONTROL 
INPUT 
CONTROL INc 



1 
J 



n 



u 



OUTPUT/ 
INPUT 
OUT/IN 



LOGIC DIAGRAM (EACH SWITCH) 



INPUT/ 
OUTPUT 
IN/OUT O- 



CONTROL 
INPUT 

CONTROL q_ 
IN 



i>H> 




OUTPUT/ 

INPUT 

OUT/IN 
O 
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ABSOLUTE MAXIMUM RATINGS (T a =-40~+85°C, unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


v DD 


Supply voltage 




V S s-0. 5~V ss +20 


V 


V, 


Input voltage 




Vss-0. 5~V DD +0. 5 


V 


V,o 


Input-to-output voltage 




±0.5 


V 


1. 


Input current 


Control inputs 


±10 


mA 


•o 


Output current 


Switch-off 


±10 


mA 


Topr 


Operating temperature range 




-40 — 1-85 


°C 


Tstg 


Storage temperature range 




-65—+150 


°c 



RECOMMENDED OPERATING CONDITIONS (T a =-40~+85 o C, V ss =0V, unless otherwise noted) 



Symbol 


Parameter 


Limits 


Unit 


Min 


Typ 


Max 


v DD 


Supply voltage 


3 




18 


V 


V, 


Input voltage 


0 




v DD 


V 



ELECTRICAL CHARACTERISTICS 













Limits 




Symbol 


Parameter 


Test conditions 








-40°C 


25°C 


85°C 


Unit 








Vss(V) 


V DD (V) 


Min 


Max 


Min 


Typ 


Max 


Min 


Max 










o 


5 


3.5 






3. 5 






3. 5 






v IH 


"H" input V0lt3Q6 (C|n) 


I n p ut-to-ou tput current = 10/uA 


o 

0 


1 o 
15 


7.0 
11.0 






7.0 
11.0 






7.0 
11.0 




v 








0 


5 






1.5 






1.5 




1.5 




V, L 


"L" input current (Ci N ) 


Input-to-output current=10>A 


0 
0 


10 
15 






2.0 
2.5 






2.0 
2.5 




2.0 
2.5 


V 






V,=5V 


0 


5 






500 






600 




800 








V,=2. 5V 


0 


5 






850 






950 




1300 








V,= 0.25 V 


0 


5 






500 






600 




800 








V,=10V 


0 


10 






210 






250 




300 








V,=5V 


0 


10 






210 






250 




300 








V,=0. 25V 


0 


10 






210 






250 




300 








V,=15V 


0 


15 






140 






160 




200 




Ron 


ON resistance 


V,=7. 5V 
V,=0. 25 V 


0 
0 


15 
15 






140 
140 






160 
160 




200 
200 


a 






V,=5V 


-5 


5 






210 






250 




300 








V,= ±0. 25V 


—5 


5 






210 






250 




300 








V,=-5V 


-5 


5 






210 






250 




300 








V,=7. 5V 


-7.5 


7.5 






140 






160 




200 








V,=±0. 25V 


-7.5 


7.5 






140 






160 




200 






Test circuit 1 


V,=— 7. 5V 


-7.5 


7.5 






140 






160 




200 






ON resistance variations 




-2.5 


2.5 










30 










^Ron 


between switches of the 
same package 




—5 
-7.5 


5 

7.5 










15 
10 








n 






V| /o =10V, V o ,i=0V 


0 


10 












125 








'off 


Input/output off-state 


Vi/ O =0V, V O /,= 10V 


0 


10 












-125 






nA 


leakage current 


V, /0 =18V, V O /i=0V 
Vi/ O =0V, V 0 /i=18V 


0 
0 


18 
18 






250 
-250 






250 
-250 




1000 
-1000 








0 


5 






1 






1 




7.5 




Idd 


Quiescent supply current 


Vi(C| N )=V DD , V ss 


0 
0 


10 
15 






2 
4 






2 
4 




15 
30 


U A 


I.H 


"H" input current (C| N ) 


V,= 18V 


0 


18 




0.3 






0.3 




1.0 


U A 


I.L 


"L" input current (Cin) 


V| L =0V 


o- 


18 




-0.3 






-0.3 




-1.0 


juA 
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SWITCHING CHARACTERISTICS (v-so 



Symbol 


Parameter 


Test conditions 






Limits 


Unit 


Vss(V) 


v DD (v) 


Min 


Typ 


Max 


fmax(l/0) 


Maximum transfer frequency 


RL = 10kn 

Ol — i opr i est circuit c 


-5 


5 




25 




MHz 


fmax(C| N ) 


Maximum control frequency 


R u =300a 

C L =15pF Test circuit 3 


o 

0 

A 

u 


0 

10 

1 K 




6 
18 
22 




MHz 








0 


5 






45 




tpLH 






0 


1 0 






30 


ns 




"L-H" and "H-L" output propagation time 


R L =10kfl 


0 


15 






20 






ViN/UUT-OUT/IN; 


C|_ = 50pF Test circuit 4 


0 


5 






45 




tpHL 






0 
0 


1 0 
15 






30 
20 


ns 








0 


5 






200 




tpLH 






0 


1 0 






70 


ns 




"L-H" and "H-L" output propagation time 


R L =iOkn 


0 


15 






en 
OU 






/PnWTRrtl IM-HIIT/IM^ 


C L =50pF Test circuit 5 


0 


5 






200 




tpHL 






0 
0 


10 
15 






70 
60 


ns 




Sine-wave distortion 


R L =10kn 

fi=1 kHz Test circuit 2 


-5 


5 




0. 07 




% 




Feedthrough (switch off) 


R L =1kfl Test circuit 6 


—5 


5 




500 




kHz 




Crosstalk 

(CONTROL IN-0UT7IN) 


R,= 1kn 

R L =iOkn 

Cl= 1 5pF Test circuit 7 


0 
0 
0 


5 
10 
15 




200 
300 
400 




mV 


c, 


Input capacitance 


Control input 






7.5 


pF 


Switch input/output 




10 
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3 Maximum control frequency (fmax(C| N )) 

v DD 



r 
f 



CONTROL IN 




k>k> J i 

— p^i 



-O OUT/IN 



TIMING DIAGRAM 

20ns 20ns 



CONTROL IN 



Vf. 



OUT/IN 



fmax(C| N ) is taken as that frequency f| at which the output 
amplitude (V Q ) Is 1/2 that at 1 kHz 



4 1 "L-H" and "H-L" output propagation time 

(IN/OUT-OUT/IN) 



IN/OUT O 




O OUT/IN 



Vss 



TIMING DIAGRAM ™DL 

IN/OUT 



OUT/IN 



-50% 
10% 



20ns 



90% 
50% 
10% 



^^50% 



5 "L-H" and "H-L" output propagation time 

(CONTROL IN-OUT/IN) 



» V DD 




CONTROL IN O- 



S A =1, S b =2 

TIMING DIAGRAM 

CONTROL IN . 



S A =2, S b =1 



OUT/IN 



90% 

50% CONTROL IN 

10% 
20ns 




50% 

tpLH 



OUT/IN 



90% 
50% 
10% 
20ns 



50% 

tpHL 



6 



Feedthrough 



VDD 



O OUT/IN 




The feedthrough is taken as that frequency f ( at which, using 
a sine-wave input of 2. 5V P . P) 20 logi 0 ( V 0 /V|) = — 50dB. 



Crosstalk 



20ns 20ns 




O OUT/IN 



Rl*> T Cl 
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DESCRIPTION 

The M51320P is a semiconductor integrated circuit contain- 
ing an analog switch designed for use in a video system. It 
contains two audio switches and one video switch. One of 
the audio switches has two inputs and the other, three. The 
video switch has two inputs. Each switch can be indepen- 
dently controlled. In addition, the video switch contains an 
amplifier with a gain of about 6.7dB. 

FEATURES 

• Video and stereo sound switches in one package 

• Wide frequency range (video switch) DC~10MHz 

• High separation (video) 

Crosstalk 55dB(typ.) @5MHz 

APPLICATION 

Video equipment. 



PIN CONFIGURATION (TOP VIEW) 



sound (D rn 

OUTPUT LL 

vcc or 

VIDEO INPUT 2 [T 

VIDEO CONRTOL fT 
INPUT L2- 
VIDEO INPUT 1 {£ 

SOUND (1 ) |g" 
CONTROL INPUT UL 
GND [7 
SOUND (2) rj- 



OUTPUT 



2 

Ol 



SOUND (1 ) 
INPUTS 



H3 
]l2 

ill 1 

To] SOUND (2) 
^CONTROL INPUT 
T|| VIDEO OUTPUT 

jj] DECOUPLING 

H 1 1 SOUND (2) 
9]2) 



INPUTS 



RECOMMENDED OPERATING CONDITIONS 

Supply voltage range 5~14V 



16-pin molded plastic DIP 



BLOCK DIAGRAM 



SOUND (1 ) INPUT 



SOUND (2) INPUT VIDEO INPUT 





s 3 



V i 

YG V =6. 7dB 
I 
I 

- — 6 (b (b — (h>— -® — (b — 

SOUND (1) SOUND (1 ) SOUND (2) SOUND (2) VIDEO VIDEO 
OUTPUT CONTROL OUTPUT CONTROL OUTPUT CONTROL 
INPUT INPUT INPUT 



(u) DECOUPLING 



(7) GND 
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ABSOLUTE MAXIMUM RATINGS (T a =25C,V co =12V, unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


Vcc 


Supply voltage 




14 


V 


V, s 


Input signal voltage 


Sound 


6 


V 


Video 


6 


V,c 


Input control voltage 




Vcc 


V 


Pd 


Power dissipation 




1.25 


W 


K0 


Thermal derating 




12.5 


mW/°C 


Topr 


Operating temperature range 




-20 — 1-75 


°C 


T stg 


Storage temperature range 




-40-+125 


°C 



ELECTRICAL CHARACTERISTICS (T a =25°C, V CC =12V, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


•cc 


Circuit current 






40 


48 


mA 


V, DC 


Input bias voltage 




3.8 


4.2 


4.6 


V 


Vo DC 


Output bias voltage 


Video 


5.0 


5.6 


6.2 


V 


Sound 


3.0 


3.6 


4.2 


Vop 


Output DC offset voltage 






15 


100 


mV 


V.CH 


Control-pin threshold voltage 


Sound (1 ) (Pin (D 3-state input) 


7.0 


8.0 


9.0 


V 


V.CL 


Sound (1 ) (Pin (D 3-state input) 


3.0 


4.0 


5.0 


V,c 


Sound (2) and video (Pins (D,(Q» 


1.7 


2.1 


2.5 


G v 


Voltage gain 


Video, f=lMHz 


5.7 


6.7 


7.7 


dB 


Sound, f=1kHz 


-0.5 


-0. 1 




THD 


Total harmonic distortion 


Sound, f=1kHz, V 0 =lVrms 




0. 02 


0.2 


% 


v N 


Output noise voltage 


Sound, R g =600Q, BW=15kHz 




3 


50 


/*Vrms 


Video, R g = 75 Q, BW= 10MHz 




0.5 


1.0 


mVrms 


CT 


Crosstalk 


Sound, f=1kHz 


65 


80 




dB 


Video, f=5MHz 


45 


55 
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TYPICAL CHARACTERISTICS (T a =25°C, unless otherwise noted) 

THERMAL DERATING (MAXIMUM RATING) CIRCUIT CURRENT VS. SUPPLY VOLTAGE 

2.0 




0 25 50 75 100 125 
AMBIENT TEMPERATURE T a (°C) 



I- 
Z 
LU 

CC 
CC 
D 
O 
t 
D 
O 
DC 

O 



60 



40 



20 











R E = 


100 Q y/ 










R E =oo 













7.5 10 12.5 14 15 

SUPPLY VOLTAGE V cc (V) 



VOLTAGE GAIN VS. FREQUENCY (SOUND) 



V cc = 12V 
C IN =1^F 



100 3 5 7 1k 3 5 7 10k 3 5 7 100k 
FREQUENCY f (Hz) 



TOTAL HARMONIC DISTORTION VS. 
OUTPUT VOLTAGE (SOUND) 



1.0 

7 
5 
3 

0.1 

7 
5 
3 



0. 01 

7 
5 

3 





































































































































































































I 
























































































\ 








































m 








1k 


1- 


z 



















































































































































































































Q 
I 
H 

Z 

o 

F 
cc 
O 
h- 

U) 

Q 
O 
Z 

o 

QC 
< 
I 

< 0. 001 

K 0.01 3 5 7 0.1 3 5 71.0 3 5 710 
l- 

OUTPUT VOLTAGE V Q (Vrms) 



TOTAL HARMONIC DISTORTION VS. 
FREQUENCY (SOUND) 



OUTPUT DC VOLTAGE VS. 
INPUT DC VOTAGE (SOUND) 



1.0 



Q 
I 
I- 

Z 

g 

GC 
O 

to 

□ 

g 
z 
o 
1 

cc 
< 
I 

< 0. 001 

I- 

o 



0.1 

7 
5 

3 

0. 01 

7 
5 

3 



-V 0 




1Vrms 












































































































































































































































































































\/_ 






QV. 






























c 




























































































V 






:12V. 

























































































































































































































100 3 5 7 1k 3 5 7 10k 3 5 7 100k 
FREQUENCY f (Hz) 



o 
> 

HI 

0 
< 
I- 
_l 

O 
> 

o 

Q 

I- 
D 

a. 

D 

o 




0 2 4 6 8 10 

INPUT DC VOLTAGE V, NDC (V) 
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CROSSTALK VS. FREQUENCY (SOUND) 

100 



CO 
■D 



o 

-J 

2 

CO 
0) 

o 
o 



90 



80 



70 



60 



50 




Pin numbers 
are for SOUND (1 ] 

I i I I I I I 



1k 3 5 710k 3 5 7100k 3 5 71M 
FREQUENCY f (Hz) 



OUTPUT NOISE VOLTAGE VS. 
SIGNAL SOURCE RESISTANCE (SOUND) 




5 7 1k 3 5 710k 3 5 7100k 



SIGNAL SOURCE RESISTANCE R g ( Q ) 



VOLTAGE GAIN VS. FREQUENCY (VIDEO) 



z 
< 

o 

w 
(5 
< 

o 
> 




100k 3 571M 3 57 10M 3 5 7100M 
FREQUENCY f (Hz) 



LU 

CD 
< 
h- 
_i 

O 
> 

o 

G 
H- 
D 
CL 
h- 
D 
O 



15 



12 



0 



OUTPUT DC VOLTAGE VS. 
INPUT DC VOLTAGE (VIDEO) 





















12V 








Vcc=9 


V 























0 2 4 6 8 10 

INPUT DC VOLTAGE V, N DC (V) 



CROSSTALK VS. FREQUENCY (VIDEO) 



90 



80 



70 



60 



50 



40 




10k 3 5 7100k 3 5 7 1M 3 5 7 10M 
FREQUENCY f (Hz) 



Q 
I 
h- 

Z 

o 
I- 

DC 

O 



TOTAL HARMONIC DISTORTION VS. 
OUTPUT VOLTAGE (VIDEO) 



S2 3 



0.1 

7 
5 

3 



< 0.01 
5 0.01 
I- 

























































































































































































































































































































































































































i 




















































































u 


kHz 






-4- 
















































i 


































I 




i 












I 











357 0. 1 3571 357 10 
OUTPUT VOLTAGE V Q (Vrms) 
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APPLICATION EXAMPLE 



SOUND (1 ) OUTPUT 1 f 



VIDEO INPUT " 




SOUND (2) OUTPUT 1 M 



SOUND (1) INPUT 



|-0 VIDEO OUTPUT 



SOUND (2) INPUT 



Units Resistance : Q 
Capacitance : F 



PRECAUTIONS FOR USE 

When the video output is sent through a 750 output and 
the supply voltage of 12V is used, and external transis- 
tor buffer such as the one shown in the above diagram 
should be connected to maintain a balance with the 
power dissipation of the package. 

Should 9V be the sole supply voltage, a direct drive 
arrangement can be used as in the diagram at right by 
connecting resistor R E between the output pin and 
ground. 

Since an emitter-follower output is used in the video 
and sound outputs, when the external wiring is long or a 
capacitive load is connected, a resistor with a value of 
several tens of ohms should be connected at a position 
near the output pin. 



12 | f-\ | WV O 



rrr 

R E ^200Q 
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DESCRIPTION 

The M51321P is a semiconductor integrated circuit contain- 
ing an analog switch designed for use in a video system. It 
contains two audio switches and one video switch. Each 
switch has three inputs and can be undependently control- 
led. In addition, the video switch contains an amplifier with a 
gain of about 6.7dB. 

FEATURES 

• Video and stereo sound switches in one package 

• Wide frequency range (video switch) DC~10MHz 

• High separation (video) — Crosstalk 55dB(typ.) (@5MHz) 

APPLICATION 

Video equipment. 

RECOMMENDED OPERATING CONDITIONS 

Supply voltage range 5~14V 



PIN CONFIGURATION (TOP VIEW) 


sound (D rr 

OUTPUT LL 

v cc GE 

VIDEO INPUT 1 [T 




17] 2 

31 1 


SOUND (1) 
INPUTS 


NC [7 




j|] CONTROL INPUT 


VIDEO INPUT 2 Q[ 


u> 
1^ 


14] VIDEO OUTPUT 


NC [F 


"0 


13] DECOUPLING 


VIDEO INPUT 3 [7 




m 3 




GND [F 

SOUND (2) fq- 
OUTPUT L^h 




TT] 2 
ToJ 1 


.SOUND (2) 
INPUTS 




NC : NO CONNECTION 




18-pin molded plastic DIP 



BLOCK DIAGRAM 



SOUND (1) INPUTS SOUND (2) INPUTS VIDEO INPUTS 




SOUND (1) OUTPUT SOUND (2) OUTPUT VIDEO OUTPUT CONTROL INPUT 
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ABSOLUTE MAXIMUM RATINGS (T a =25 0 C,V C c=12V, unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


Vcc 


Supply voltage 




14 


V 


V,s 


Input signal voltage 


Sound 


6 


V 


Video 


6 


V,c 


Input control voltage 




Vcc 


V 


Pd 


Power dissipation 




1.25 


W 


Ktf 


Thermal derating 




12.5 


mW/°C 


T opr 


Operating temperature range 




-20—+75 


°C 


T stg 


Storage temperature range 




-40 — H25 


°C 


ELECTRICAL CHARACTERISTICS (T a =25 0 C,V C c=12V, unless otherwise noted) 


Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


•cc 


Circuit current 






39 


48 


mA 


V, DC 


Input bias voltage 




3.8 


4.2 


4.6 


V 


Vodc 


Output bias voltage 


Video 


5.0 


5.6 


6.2 


V 


Sound 


3.0 


3.6 


4.2 


Vop 


Output DC offset voltage 






15 


100 


mV 


V.CH 


Control-pin threshold voltage 




7.0 


8.0 


9.0 


V 


V.CL 




3.0 


4.0 


5.0 


V 


Gv 


Voltage gain 


Video, f=1MHz 


5.7 


6.7 


7.7 


dB 


Sound, f=1kHz 


-0.5 


-0.1 




THD 


Total harmonic distortion 


Sound, f=1kHz, V 0 =1Vrms 




0. 02 


0.2 


% 


v N 


Output noise voltage 


Sound, R g =600 Q , BW=1 5kHz 




3 


50 


/j. Vrms 


Video, R g =75Q, BW=10MHz 




0.5 


1.0 


mVrms 


CT 


Crosstalk 


Sound, f=1kHz 


65 


80 




dB 


Video, f=5MHz 


45 


55 





SWITCH MODE 




OPEN 2 2 2 



GND 3 3 3 



CONTROL INPUT 
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VOLTAGE GAIN VS. FREQUENCY (SOUND) 



z 
< 

o 

W 

CD 

is 

_J 

§ 



-5 



— I I I I I 
V C c=12V 

C| N = 1 juF 



100 3 5 7 1k 3 5 710k 3 5 7100k 
FREQUENCY f (Hz) 



Q 
I 
I- 

Z 

g 

QC 

o 
I- 

C0 

Q 
O 
Z 

o 

< 
I 



TOTAL HARMONIC DISTORTION VS. 
OUTPUT VOLTAGE (SOUND) 



1.0 

7 
5 
3 



0.1 

7 
5 



0.01 

7 
5 



K 0. 001 
O 0.01 
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z 
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3 5 7 0.1 3 5 7 1.0 3 5 710 



OUTPUT VOLTAGE V Q (Vrms) 



TOTAL HARMONIC DISTORTION VS. 
FREQUENCY (SOUND) 



1.0 
7 
5 
3 



0.1 

7 
5 



0.01 

7 
5 
3 



< 

£ 0. 001 



1 


1 1 1 1 
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CROSSTALK VS. FREQUENCY (SOUND) 

100 
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CO 

o 

DC 
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3 5 710k 3 5 7100k 3 5 71M 



FREQUENCY f (Hz) 



OUTPUT NOISE VOLTAGE VS. 
SIGNAL SOURCE RESISTANCE (SOUND) 
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APPLICATION EXAMPLE 



SOUND (1) OUTPUT 



r 1 O- 



-ft 



100/, 



:75 



VIDEO INPUT < 2 O 



-ft 



100, 



: 75 



l 30- 



100i 



•75 



SOUND (2) OUTPUT 



-H 



-E 
■CE 




20 



17 



3- 
3- 



+ 

10^ 

TtT 



~ft 



10, 



10, 



10, 



10^ 



r 
I 0 -" 



-03 



-O 2 



-O 1 



► SOUND (1) INPUT 



2SC1211 



H |-0 VIDEO OUTPUT 



• 75 



~ft 



10, 



-03 ^ 



~ft 



-ft 



10, 



-0 2 



> SOUND (2) INPUT 



10, 



-O 1 



Units Resistance : Q 
Capacitance :F 



PRECAUTIONS FOR USE 

When the video output is sent throuth a 75 Q output and 
the supply voltage of 12V is used, and external transis- 
tor buffer such as the one shown in the above diagram 
should be connected to maintain a balance with the 
power dissipation of the package. 

Should 9V be the sole supply voltage, a direct drive 
arrangement can be used as in the diagram at right by 
connecting resistor R E between the output pin and 
ground. 

Since an emitter-follower output is used in the video 
and sound outputs, when the external wiring is long or a 
capacitive load is connected, a resistor with a value of 
several tens of ohms should be connected at a position 
near the output pin. 



3- 



75 

I Mm, — o 



7tr 

R E ^200Q 
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DESCRIPTION 

The M51326P is a semiconductor integrated circuit contain- 
ing an analog switch designed for use in a video system. It 
contains two audio switches and one video switch. One of 
the audio switches has two inputs and the other, three. The 
video switch has two inputs. Each switch can be indepen- 
dently controlled. 



FEATURES 

• Video and stereo sound switches in one package 

• Wide frequency range (video switch) DC~10MHz 

• High separation (video) 

Crosstalk 55dB(typ.) @5MHz 

APPLICATION 

Video equipment. 

RECOMMENDED OPERATING CONDITIONS 

Supply voltage range 5~14V 




PIN CONFIGURATION (TOP VIEW) 



sound (Drr 
output LL 

Vcc [T 
VIDEO INPUT 2 (T 
VIDEO CONTROL [T 
INPUT [ - L 
VIDEO INPUT 1 (J~ 
SOUND (1 ) fT" 
CONTROL INPUT L° 
GND |T 

SOUND (2) IT- 
OUTPUT L2- 



2 



O) 



m 3 ] 

7£1 9 SOUND (1) 
±21 z INPUTS 

DO 1 

75] SOUND (2) 
•^CONTROL INPUT 
12] VIDEO OUTPUT 

]T| DECOUPLING 

1 1 SOUND (2) 
9] 2 I INPUTS 



16-pin molded plastic DIP 



BLOCK DIAGRAM 



SOUND (1) INPUTS SOUND (2) INPUTS VIDEO INPUTS 




— (l> (b ® — — @ — (i> — 

SOUND (1) SOUND (1) SOUND (2) SOUND (2) VIDEO VIDEO 
OUTPUT CONTROL OUTPUT CONTROL OUTPUT CONTROL 
INPUT INPUT INPUT 
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ABSOLUTE MAXIMUM RATINGS (T a =25°C, V CC =12V, unless otherw.se noted) 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


Vcc 


Supply voltage 




14 


V 


V,s 


Input signal voltage 




6 


V 


V, c 


Input control voltage 




V CC 


V 


Pd 


Power dissipation 




1.25 


W 




Thermal derating 




12.5 


mW/°C 


Topr 


Operating temperature range 




-20 — h75 


°C 


T stg 


Storage temperature range 




-40 — H25 


°C 



ELECTRICAL CHARACTERISTICS (T a =25°C, V CC =12V, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


'cc 


Circuit current 






28 


36 


mA 


V, DC 


Input bias voltage 




3.8 


4.2 


4.6 


V 


Vo DC 


Output bias voltage 




3.0 


3.6 


4.2 


V 


V OP 


Output DC offset voltage 






15 


100 


mV 


VlCH 


Control-pin threshold voltage 


Sound (1 ) (pin © 3-state input) 


7.0 


8.0 


9.0 


V 


V,CL 


Sound (1 ) (pin (D 3-state input) 


3.0 


4.0 


5.0 


V 


V,c 


Sound (2) and video (pins®,®) 


1.7 


2. 1 


2.5 


V 


Gv 


Voltage gain 


f=1kHz 


-0.5 


-0.1 




dB 


THD 


Total harmonic distortion 


Sound, f=1kHz, V 0 =1Vrms 




0. 02 


0.2 


% 


v N 


Output noise voltage 


Sound, R g =600Q, BW=15kHz 




3 


50 


juVrms 


Video, R g =75Q, BW=10MHz 




0.5 


1.0 


mVrms 


CT 


Crosstalk 


Sound, f=1kHz 


65 


80 




dB 


Video, f=5MHz 


45 


55 





SWITCH MODE 



SOUND (1 ) INPUT- 



SOUND (2) INPUT 



VIDEO INPUT 



SOUND (1) 
CONTROL INPUT 




T) SOUND (2) OUTPUT 



8) SOUND (2) OUTPUT 



^2) VIDEO 
' OUTPUT 



-<4) (£> 



Switch 
\. No. 
Control input^\ 


Si 


s 2 


s 3 


Vcc 


1 


1 


1 


OPEN 


2 


* 


* 


GND 


3 


2 


2 



VIDEO SOUND (2) 
CONTROL CONTROL 
INPUT INPUT 



* Connect to Vcc 

or GND 
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TYPICAL CHARACTERISTICS (T a =25°C, unless otherwise noted) 



THERMAL DERATING (MAXIMUM RATING) 
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CROSSTALK VS. FREQUENCY (SOUND) 
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OUTPUT NOISE VOLTAGE VS 
SIGNAL SOURCE RESISTANCE (SOUND) 
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APPLICATION EXAMPLE 



+ 



o 0- 

SOUND (1) OUTPUT 1, 




VIDEO INPUTS 




SOUND (2) OUTPUT 1 ^ 



02 



Hi 




HI 




HI 




HI 


i 


HI 


N> 

o> 
"TJ 


HI 





-E 




s 2 



r i 



3- 
3- 



-H- 



10 A 



— . + 



J* 



3- 



10 A 



777 



10a 



4^ 



10^ 



10, 



P" 1 



10a 



2P 



T 



-OV cc 



-03 



SOUND (1 ) 
INPUT 



— O VIDEO OUTPUT 



-O 1 



, SOUND (2) 
INPUT 



-O 2 



Units Resistance . Q 
Capacitance . F 



PRECAUTIONS FOR USE 

Since an emitter-follower output is used in the video 
and sound outputs, when the external wiring is long or a 
capacitive load is connected, a resistor with a value of 
several tens of ohms should be connected at a position 
near the output pin. 
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DESCRIPTION 

The M51327P is a semiconductor integrated circuit contain- 
ing an analog switch designed for use in a video system. It 
contains two audio switches and one video switch. Each 
switch has three inputs and can be independently con- 
trolled. 

FEATURES 

• Video and stereo sound switches in one package 

• Wide frequency range (video switch) DC~10MHz 

• High separation (video) Crosstalk 55dB(typ.) @5MHz 

APPLICATION 

Video equipment. 

RECOMMENDED OPERATING CONDITIONS 

Supply voltage range 5~14V 



PIN CONFIGURATION (TOP VIEW) 



SOUND (1) rrl 
OUTPUT LL 

Vcc GE 

VIDEO INPUT 1 [T 
NC [T 

VIDEO INPUT 2 [IT 
NC [j[ 

VIDEO INPUT 3 \f 
GND Q[ 

sound (2) nr 



OUTPUT 1 



VI 



DO 3 ] 

77] 0 SOUND (1) 
m * f INPUTS 

m 1 1 

j|] CONTROL INPUT 
14] VIDEO OUTPUT 
13] DECOUPLING 

H) 3 | 

771 9 SOUND (2) 
111 I INPUTS 

LQ]i > 



NC NO CONNECTION 




18-pin molded plastic DIP 



BLOCK DIAGRAM 



SOUND (1 ) INPUTS SOUND (2) INPUTS 



VIDEO INPUTS 




<J>- 






S 3 



0' 



13) DECOUPLING 



=06b\^ G v =0cIb\/^ G v =0dB\/ I JL 

I I ! ® 



8 j GND 



<k) — fa— 



SOUND (1 ) OUTPUT SOUND (2) OUTPUT 



VIDEO CONTROL 
OUTPUT INPUT 
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ABSOLUTE MAXIMUM RATINGS (T a =25r,V cc =12V, unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


V CC 


Supply voltage 




14 


V 


V,s 


Input signal voltage 




6 


V 


V,c 


Input control voltage 




V C c 


V 


Pd 


Power dissipation 




1.25 


W 




Thermal derating 




12.5 


mW/°C 


Topr 


Operating temperature range 




-20 — h75 


°C 


T stg 


Storage temperature range 




-40-+125 


°C 



ELECTRICAL CHARACTERISTICS (T a =25c, V CC =12V, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


'cc 


Circuit current 






28 


36 


mA 


V, D c 


Input bias voltage 




3.8 


4.2 


4.6 


V 


Vo DC 


Output bias voltage 




3.0 


3.6 


4.2 


V 


Vop 


Output DC offset voltage 






15 


100 


mV 


V.CH 


Control pin threshold voltage 




7.0 


8.0 


9.0 


V 


V.CL 




3.0 


4.0 


5.0 


V 


G v 


Voltage gain 


Sound, f=1kHz 


-0.5 


—0.1 




dB 


THD 


Total harmonic distortion 


Sound, f=1kHz, V 0 =lVrms 




0. 02 


0.2 


% 


v N 


Output noise voltage 


Sound, R g =600Q, BW=15kHz 




3 


50 




Video, R g =75Q, BW= 10MHz 




0.5 


1.0 


mVrms 


CT 


Crosstalk 


Sound, f=1kHz 


65 


80 




dB 


Video, f=5MHz 


45 


55 





SWITCH MODE 



SOUND (1) INPUT* 



SOUND (2) INPUT 



VIDEO INPUTS 




G v =N=0dB 



> 



(V) SOUND (1 ) OUTPUT 



S 2 



G v =N=0dB 



> 



{9) SOUND (2) OUTPUT 



S 3 



G v %0dB 



<M) VIDEO OUTPUT 



CONTROL INPUT 



Switch 
Control input^-^ 


Si 


s 2 


S 3 


Vcc 


1 


1 


1 


OPEN 


2 


2 


2 


GND 


3 


3 


3 
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TYPICAL CHARACTERISTICS (T a =25°C, unless otherwise noted) 



THERMAL DERATING (MAXIMUM RATING) 

2. Or 



CIRCUIT CURRENT VS. SUPPLY VOLTAGE 




0 25 50 75 100 125 
AMBIENT TEMPERATURE T a (°C) 



I- 
Z 

LU 
DC 
DC 
D 
O 

D 
O 
DC 

o 




5 7.5 10 12.5 14 15 

SUPPLY VOLTAGE V cc (V) 



VOLTAGE GAIN VS. FREQUENCY (SOUND) 



z 
< 

CD 

LU 

CD 

? 

-j 
O 
> 



V CC =12V 



100 3 5 71k 3 5 710k 3 5 7100k 
FREQUENCY f (Hz) 



TOTAL HARMONIC DISTORTION 
VS. OUTPUT VOLTAGE (SOUND) 




0.01 3 57 0. 1 3 5 71.0 3 5 7 10 



OUTPUT VOLTAGE V Q (Vrms) 



TOTAL HARMONIC DISTORTION OUTPUT DC VOLTAGE VS. 



- VS. FREQUENCY (SOUND) INPUT DC VOLTAGE (SOUND) 




FREQUENCY f(Hz) INPUT DC VOLTAGE V INDC (V) 
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VOLTAGE GAIN VS. FREQUENCY (VIDEO) 
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100k 3 5 71M 3 5 710M 3 5 7 100M 
FREQUENCY f (Hz) 









10 
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I 
H- 


5 
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Z 
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h- 
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QC 


7 


TO 
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C/) 
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Q 




O 




Z 


0.1 


0 


7 




5 


DC 
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I 




_l 




< 
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0.01 
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0 



TOTAL HARMONIC DISTORTION 
VS. OUTPUT VOLTAGE (VIDEO) 
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0.01 3 5 70. 1 3 5 7 1 3 5 710 
OUTPUT VOLTAGE V Q (Vrms) 




40 



10k 3 5 7100k 3 5 71M 3 5 710N/T 
FREQUENCY f (Hz) 
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APPLICATION EXAMPLE 



SOUND (1) OUTPUT 



1 o- 



VIDEO INPUT < 



2 O- 



^ 3 O- 



SOUND (2) OUTPUT 



+ 



HSh- 

100, 



:75 



100 A 



:75 



100 A 



:75 



1( V 

2 O O — | 



1 



18 



17 



T6 



15 



14 



13 



12 



10 



10/* 
Tt7 



+ 
10,/ 



2£ 



r 
I 0 -" 



V CC 
O 



H2h 



10/ 



10/ 



+. 



10/. 



+ 



+ 



10/ 



10/, 



2zz ± 



-03 ^ 



-02 



-01 



SOUND (1) 
INPUT 



-O VIDEO OUTPUT 



-03 



_0 2 I SOUND (2) 
' INPUT 



-01 J 



Units Resistance : Q 
Capacitance : F 



PRECAUTIONS FOR USE 

Since an emitter-follower output is used in the video 
and sound outputs, when the external wiring is long or a 
capacitive load is connected, a resistor with a value of 
several tens of ohms should be connected at a position 
near the output pin. 
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DESCRIPTION 

The M51329P is a semiconductor integrated circuit contain- 
ing an analog switch designed for use in a video system. It 
contains two audio switches and one video switch. Each 
switch has three inputs and can be independently controlled 
in each of the audio and the video sections. In addition, the 
video switch contains an amplifier with a gain of about 
6.7dB. 

FEATURES 

• Video and stereo sound switches in one package 

• Wide frequency range (video switch) DC~10MHz 

• High separation (video) 

Crosstalk 55dB(typ.) @5MHz 

APPLICATION 

Video equipment. 



PIN CONFIGURATION (TOP VIEW) 



SOUND (1 ) rp 
OUTPUT Li- 
Vcc G[ 
VIDEO INPUT 1 \J 
CONTROL INPUT rr 
(VIDEO) Ll- 
VIDEO INPUT 2 QT 
DECOUPLING fT- 
(VIDEO) \=z 
VIDEO INPUT 3 \T 

GND [F 

SOUND (2) nr 
L2_ 



OUTPUT 1 



2 

CO 

Ni 
to 
V 



lH 3 
DO 2 
H 1 

771 CONTROL INPUT 
^ (SOUND) 



SOUND (1 ) 
INPUTS 



Hi VIDEO OUTPU T 



rri DECOURLING 
^(SOUND) 

ll 3 1 

771 9 SOUND (2) 
JU d INPUTS 

M 1 ' 



RECOMMENDED OPERATING CONDITIONS 

Supply voltage range 5^ 14V 



18-pin molded plastic DIP 




A MITSUBISHI 
ELECTRIC 



7-43 



MITSUBISHI LINEAR ICs 

M51329P 

ANALOG SWITCH 



ABSOLUTE MAXIMUM RATINGS (T a =25C,V cc =12V, unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


V cc 


Supply voltage 




14 


V 


V,s 


Input signal voltage 


Sound 


6 


V 


Video 


6 


V,c 


Input control voltage 




Vcc 


V 


Pd 


Power dissipation 




1.25 


W 


Kff 


Thermal derating 




12.5 


mW/°C 


Topr 


Operating temperature range 




-20 — h75 


°C 


Tstg 


Storage temperature range 




-40 — (-125 


°C 


ELECTRICAL CHARACTERISTICS (T a =25°C,V C c=12V, unless otherwise noted) 


Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


'cc 


Circuit current 






44 


56 


mA 


V, D c 


Input bias voltage 




3.8 


4.2 


4.6 


V 


Vo DC 


Output bias voltage 


Video 


5.0 


5.6 


6.2 


V 


Sound 


3.0 


3.6 


4.2 


Vop 


Output DC offset voltage 






15 


100 


mV 


V.CH 


Control-pin threshold voltage 




7.0 


8.0 


9.0 


V 


VlCL 




3.0 


4.0 


5.0 


V 


G v 


Voltage gain 


Video, f=lMHz 


5.7 


6.7 


7.7 


dB 


Sound, f=1kHz 


-0.5 


-0.1 




Ri 


Input resistance 


Sound, f=1kHz 




22 




kQ 


Video, f=5MHz 




11 




c, 


Input capacitance 


Video, f=5MHz 




4 




PF 


THD 


Total harmonic distortion 


Sound, f=1kHz, V 0 =1Vrms 




0.02 


0.2 


% 


v N 


Output noise voltage 


Video, R g =75D, BW= 10MHz 




0.5 


1.0 


mVrms 


Sound, R g =600Q, BW=15kHz 




3 


50 


fx Vrms 


CT 


Crosstalk 


Sound, f=1kHz 


65 


80 




dB 


Video, f=5MHz 


45 


55 





SWITCH MODE 



CONTROL 

INPUT DECOUPLING 
(SOUND) (SOUND) V cc 



SOUND (1) INPUT 



SOUND (2) INPUT 



VIDEO INPUT 




1 J SOUND (1 ) OUTPUT 



(9) SOUN 



D (2) OUTPUT 



!4) VIDEO 
OUTPUT 



-<£>— ©— ® — ' 



CONTROL DECOUPLING GND 
( |NPUT ) (VIDEO) 



^ Switch 
^\No. 
Control input"\-^ 


Sound 


Video 


Si | S 2 


S 3 


V C c 


1 


1 


OPEN 


2 


2 


GND 


3 


3 
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TYPICAL CHARACTERISTICS (T a =25°C, unless otherwise noted) 

THERMAL DERATING (MAXIMUM RATING) CIRCUIT CURRENT VS. SUPPLY VOLTAGE 




AMBIENT TEMPERATURE T a (°C) SUPPLY VOLTAGE V cc (V) 



VOLTAGE GAIN VS. FREQUENCY (SOUND) 



z 
< 
o 

UJ 

O 
< 
I- 

o 
> 



-5 



V CC =12V 
I I I I 
C| N — 1 n F 



100 3 5 7 1k 3 5 7 10k 3 5 7 100k 
FREQUENCY f (Hz) 



TOTAL HARMONIC DISTORTION 
VS. OUTPUT VOLTAGE (SOUND) 



Q 
I 
H 

Z 

g 
\~ 

oc 
O 
h- 

co 

Q 

g 
z 
o 

d 
< 
I 



1.0 

7 
5 
3 

0.1 

7 
5 
3 

0.01 
7 
5 
3 

i 0. 001 



£ 0.01 3 5 70. 1 

















































































































































































































f = 
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z 
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3 5 71.0 3 57 10 
OUTPUT VOLTAGE V Q (Vrms) 



TOTAL HARMONIC DISTORTION 
VS. FREQUENCY (SOUND) 



OUTPUT DC VOLTAGE VS. 
INPUT DC VOLTAGE (SOUND) 



1.0 

7 
5 
3 

0.1 

7 
5 
3 



0. 01 

7 
5 
3 



Q 
I 

y- 

z 
g 

i— 

cc 
O 
i— 

<J) 

Q 

g 
z 
o 

cc 
< 
I 



< 0. 001 
o 100 



























-X- 


-U-l- 


























V 0 = 


Vrms- 






































































































































































































































. \ 


/cc=9V. 




















































Mill 


























V 


cc 




=■ 


2 


V 



























































































































































































































3 5 7 1k 3 5 7 10k 3 5 7100k 
FREQUENCY f (Hz) 



< 

o 
> 

o 

Q 

I— 
D 
Q. 
I- 
D 

o 




INPUT DC VOLTAGE V, NDC (V) 
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VOLTAGE GAIN VS. FREQUENCY (VIDEO) 



z 
< 

cd 

LU 

CD 
< 
I- 

o 
> 




100k 3 5 71M 3 5 7 10M 3 57 100M 
FREQUENCY f (Hz) 



0 

> 



CD 
< 

0 
> 

o 

Q 
h- 
D 

a. 
i- 

D 
O 



OUTPUT DC VOLTAGE VS. 
INPUT DC VOLTAGE (VIDEO) 



15 



12 



















V C c= 


= 12V 








-V cc = 


9V 























0 2 4 6 8 10 

INPUT DC VOLTAGE V IN DC (V) 



O 



< 
H 

(/) 
(/) 

o 

DC 

o 



CROSSTALK VS. FREQUENCY (VIDEO) 



TOTAL HARMONIC DISTORTION 
VS. OUTPUT VOLTAGE (VIDEO) 




10k 3 5 7 100k 3 57 1M 3 5 7 10M 
FREQUENCY f (Hz) 



Q 
I 
h- 

Z 

g 
i- 

oc 
O 
h- 
w 

Q 

O 

z 

o 

< 
I 



< 0.01 



0. 1 

7 
5 
3 
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0.01 3 5 70. 1 3 57 1 3 5 7 10 
OUTPUT VOLTAGE V Q (Vrms) 
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APPLICATION EXAMPLE 



Vcc 
O— 



10/ 



0.1 



VT W 



SOUND (1) INPUT 
TV 10 Z$ 



VTR 2 

10^ M + 
1 VD 3 0-^- 



3q S, 



VT 



Si R R R R R R 




Si , S 2 ; 1 : TV 

2 - VTR 

3 • VD 



75 SOUND (1) OUTPUT 

SOUND (2) INPUT 



-±^3 VD 



JO 



-P^02 VTR 
H O 1 TV 



M51329P 



U UJ UJ UJ UJ UJ 



2o 
3 Q 



S 2 



w 



100 A 



6 
TV 



10/ 



:100 A 



' 777" 



2 
O 
VTR 



rjnu 



77T 



:10(K 



>75 



3 

6 

VD 



+ 



SOUND (1 ) OUTPUT 



VIDEO INPUT 



SOUND (2) OUTPUT 



Units Resistance : Q 
Capacitance ■ F 



PRECAUTIONS FOR USE 

Since an emitter-follower output is used in the video 
and sound outputs, when the external wiring is long or a 
capacitive load is connected, a resistor with a value of 
several tens of ohms should be connected at a position 
near the output pin. 
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DESCRIPTION 

The M51330P is a semiconductor integrated circuit contain- 
ing an analog switch designed for use in a video system. It 
contains two audio switches and one video switch. Each 
switch has three inputs and can be independently controlled 
in each of the audio and the video sections. 

FEATURES 

• Video and stereo sound switches in one package 

• Wide frequency range (video switch) DC~10MHz 

• High separation (video) 

Crosstalk 55dB(typ.) @5MHz 

APPLICATION 

Video equipment. 

RECOMMENDED OPERATING CONDITIONS 

Supply voltage range •••5~14V 



PIN CONFIGURATION (TOP VIEW) 



SOUND (1) rr-i 
OUTPUT LL 

V CC |T 
VIDEO INPUT 1 \J 
CONTROL INPUT fj 
(VIDEO) UL 
VIDEO INPUT 2 [Jf 
DECOUPLING IT" 
(VIDEO) L 2 - 
VIDEO INPUT 3 \T 

GND [F 

sound (2) rj 



OUTPUT 1 



© 
"0 



SOUND (1) 
INPUTS 



m 3 
iii 2 

rn CONTROL INPUT 
!2J(SOUND) 

14] VIDEO OUTPUT 

To] DECOUPLING 

^ (sound; 

TU 3 
10j 1 



SOUND (2) 
INPUTS 




18-pin molded plastic DIP 
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ABSOLUTE MAXIMUM RATINGS (T a =25C,V cc =12V, unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


Vcc 


Supply voltage 




14 


V 


V,s 


Input signal voltage 


Sound 


6 


V 


Video 


6 


V,c 


Input control voltage 




V CC 


V 


Pd 


Power dissipation 




1.25 


W 


Ktf 


Thermal derating 




12.5 


mW/°C 


Topr 


Operating temperature range 




-20 — f-75 


°C 


T stg 


Storage temperature range 




-40 — H25 


°C 


ELECTRICAL CHALACTERISTICS (T a =25°C, V CC =12V, unless otherwise noted) 


Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


Ice 


Circuit current 






36 


48 


mA 


V, DC 


Input bias voltage 




3.8 


4.2 


4.6 


V 


Vo DC 


Output bias voltage 




3.0 


3.6 


4.2 


V 


Vop 


Output DC offset voltage 






15 


100 


mV 


V.CH 


Control-pin threshold voltage 




7.0 


8.0 


9.0 


V 


V.CL 




3.0 


4.0 


5.0 


V 


Gv 


Voltage gain 


Video, f=1MHz 


—0.5 


-0. 1 




dB 


Sound, f=1kHz 


-0.5 


-0. 1 




R. 


Input resistance 


Sound, f=1kHz 




22 




kQ 


Video, f=5MHz 




11 




c, 


Input capacitance 


Video, f=5MHz 




4 




PF 


THD 


Total harmonic distortion 


Sound, f=1kHz, V 0 =1 Vrms 




0. 02 


0.2 


% 


v N 


Output noise voltage 


Video, R g =75Q,BW= 10MHz 




0.5 


1.0 


mVrms 


Sound, R g =600Q, BW=15kHz 




3 


50 


//Vrms 


CT 


Crosstalk 


Sound, f=1kHz 


65 


80 




dB 


Video, f=5MHz 


45 


55 





SWITCH MODE 



CONTROL 

INPUT DECOUPLING 
(SOUND) (-SOUND) V cc 

©— " 



SOUND (1) INPUT 



SOUND (2) INPUT <[ Ql 

(12 

VIDEO INPUT 




1 ) SOUND (1) OUTPUT 



SOUND (2) OUTPUT 



7A VIDEO 
OUTPUT 



(±) © (DE- 
CONTROL DECOUPLING GND 
INPUT (VIDEO) 
(VIDEO) 



^^-^ Switch 
Control mpuT^-^ 


Sound 


Video 


St 1 S 2 


s 3 


Vcc 


1 


1 


OPEN 


2 


2 


GND 


3 


3 
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TYPICAL CHARACTERISTICS (T a =25°C, unless otherwise noted) 



THERMAL DERATING (MAXIMUM RATING) 

2.0 



z 
o 
p 
< 

CL 

CO 
CO 

Q 

cc 

O 

Q. 



1.6 



1.2 



0.8 



0.4 







































N 















0 25 50 75 100 125 
AMBIENT TEMPERATURE T a (°C) 



CIRCUIT CURRENT VS. SUPPLY VOLTAGE 



i- 
z 

LU 
CC 
CC 
D 
O 
H 
D 
O 
CC 

o 




5 7.5 10 12.5 14 15 

SUPPLY VOLTAGE V C c (V) 



VOLTAGE GAIN VS. FREQUENCY (SOUND) 



CD 
T3 



Z 
< 

CD 

UJ 

0 
< 

o 
> 



-5 



V CC = 12V 
I I I I 
•C| N =1 « F 



100 3571k 3571 0k 357 100k 
FREQUENCY f (Hz) 



TOTAL HARMONIC DISTORTION 
VS. OUTPUT VOLTAGE (SOUND) 



z 

g 

tr 
O 

Q 

g 
z 
o 

CC 

< 

X 



1.0 

7 
5 
3 

0.1 

7 
5 

3 

0.01 

7 
5 
3 

















































































































































































































f= 


=• 


k 


1- 


z 






































































































































































/ 







































































































































































































































f*0. 001 

O 0.01 3 5 70.1 3 5 71.0 3 57 10 
OUTPUT VOLTAGE V Q (Vrms) 



TOTAL HARMONIC DISTORTION OUTPUT DC VOLTAGE VS. 




FREQUENCY f (Hz) INPUT DC VOLTAGE V INDC (V) 



7-50 



A MITSUBISHI 
ELECTRIC 



MITSUBISHI LINEAR ICs 

M51330P 



ANALOG SWITCH 




VOLTAGE GAIN VS. FREQUENCY (VIDEO) 

5 



O 

Ui 

< 

O 
> 



V CC =12V 



100k 3 5 7 1M 3 5 7 10M 3 57 100M 
FREQUENCY f (Hz) 



Q 
I 
h- 

Z 

g 

H 

o 

H 

CO 

Q 

g 
z 
o 

DC 
< 
I 

< 

o 



TOTAL HARMONIC DISTORTION 
VS. OUTPUT VOLTAGE (VIDEO) 



0.1 

7 
5 
3 



0.01 























































































































































































































































































































































J 












































































t 












































































0kHz 



















































































































































0.01 3 5 7 0. 1 3 57 1 3 5 7 10 
OUTPUT VOLTAGE V Q (Vrms) 



CROSSTALK VS. FREQUENCY (VIDEO) 



o 
< 

CO 

o 

DC 
O 




10k 3 5 7 100k 3 570M 3 5 7 10M 
FREQUENCY f (Hz) 
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APPLICATION EXAMPLE 



Vcc 

o- 



, S 2> 1 . TV 
2: VTR 
3 : VD 



+ 



10/ 



0. 1 



SOUND (1) INPUT 
TV lO ^ 



10^ M + 
VTR 2 0 —ft 

10/, ..-^ 
1 VD 3 0-^ 



2 0 
3o Si 



SOUND (1 ) OUTPUT 
Q 



2210^ 



frl ,R R R R R R 



10U 



SOUND (2) INPUT 
-±^3 VD 



,10^ 



0 2 VTR 



H O 1 TV 



M51330P 



MMI±JliJmUJUJLiJLiJ 



2o 

3 Q 



s 2 



777 



+ 



+ 

clOO^ 



175 



6 
TV 



10/ 



' TIT 



75 



2 

6 

VTR 



75 



3 

O 

VD 



SOUND (1 ) OUTPUT 



VIDEO INPUTS 



SOUND (2) OUTPUT 



Units Resistance : Q 
Capacitance : F 



PRECAUTIONS FOR USE 

Since an emitter-follower output is used in the video 
and sound outputs, when the external wiring is long or a 
capacitive load is connected, a resistor with a value of 
several tens of ohms should be connected at a position 
near the output pin. 
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DESCRIPTION 

The M51551P.FP is a semiconductor integrated circuit con- 
taining two electronic switches, each with two inputs and a 
single output. 

Channel input is simultaneously selectable for supply DC 
voltage to the control pin. The device also contains an out- 
put circuit designed for use in driving an LED or other in- 
dicator to display which channel is operating. 
M51551FP is housed in a 14-pin plastic flat package, while 
the housing for M51551P is housed in a 14-pin molded 
plastic dual in-line (DIL) package. 

FEATURES 

• Dual channel 2-input 1 -output analogue signal switch. 

• Mode switched for supply DC voltage. 

• Built-in output circuit for use in driving a mode indicator. 

• Bipolar construction assures low distortion 
0.006% (typ)(Vi=1.0Vrms) 

• Operation possible with either dual or single polarity 
power supplies. (Control pin operates by switching be- 
tween GND and supply.) 

APPLICATION 

Audio selector, stereo radio cassette tape recorders, car- 
stereos. 

RECOMMENDED OPERATING CONDITIONS 

Dual polarity power supplies : 

Supply voltage range ±6~±10V 

Rated supply voltage ±8V 

Single polarity power supplies : 

Supply voltage range 6~20V 

Rated supply voltage 15V 



PIN CONFIGURATION (TOP VIEW) 



CH-A OUTPUT [T 
LED INDICATOR 1 [T 
V EE (GND)[7 

gnd[T 

VccQl 

LED INDICATOR 2|T 
CH-B OUTPUT [7 




14] ch-a input 1 
t||ch-a input 2 
l|] mode select control 
TT]gnd 

ToJ GND( FILTER) 
1]CH-B INPUT 2 
T|CH-B INPUT 1 



ITEMS IN PARENTHESES APLICABLE TO 
SINGLE POLARITY POWER SUPPLY. 




14-pin molded plastic DIP 



14-pin molded plastic FLAT 



BLOCK DIAGRAM 



CH-A OUTPUTM 




14) CH-A INPUT 1 



13) CH-A INPUT 2 



12) MODE SELECT CONTROL 
n) GND 
T5) GND *2 

9)CH-BINPUT2 *1, *2 PIN DESCRIPTION 

PIN 3 PIN 10 

DUAL POLARITY 



POWER SUPPLY Vee 



GND 



8) CH-B INPUT 1 



SINGLE POLARITY riI ^ n 

POWER SUPPLY GND FILTER 
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ABSOLUTE MAXIMUM RATINGS (T a =25 0 C, unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


V CC 


Supply voltage 


Quiescent, between pins 5 and 3. 


24 


V 


Ice 


Circuit current 


Except pins 2 and 6 


30 


mA 


Ice®. CD 


LED drive current 


Pin 2, Pin 6 


40 


mA 


Pd 


Power dissipation 




620 


mW 


K e 


Thermal derating 


T a ^25°C 


6.2 


mW/°C 


Topr 


Operating temperature 




-20 — f-75 


°C 


Tstg 


Storage temperature 




-40—+125 


°C 



ELECTRICAL CHARACTERISTICS (T a =25°C, V CC =15V, Vj=1.5Vrms, f=1kHz, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Mm 


Typ 


Max 


Ice 


Circuit current i 


Except pins 2 and 6 




12 


16 


mA 


Vcntli 


Select control voltage 1 


Control voltage when input 1 is selected 


2.0 






V 


VcNTL-2 


Select control voltage 2 


Control voltage when input 2 is selected. 






0.7 


V 


Ri 


Input resistance 


Vj=1.5Vrms, f=1kHz, R 0 =47kfl 


30 


47 




kH 


G v 


Voltage gain 


V|=1.5Vrms, f=1kHz 


-1 


0 


1 


dB 


v o(max) 


Maximum output voltage 


The output voltage at THD=1% 


4.0 


4.5 




Vrms 


THD 


Total harmonic distortion 


V o =1.0Vrms 




0. 006 


0.017 


% 


No 


Output noise level 


BPF(20Hz~20kHz), connect pin 1 to GND 




5.5 


10 


,uVrms 


C.T. 


Crosstalk 


The ratio of signal leakage between input 1 and input 2, f=l kHz 


52 


58 




dB 


C.L. 


Channel leakage 


The ratio of signal leakage between CH-A and CH-B, f=1kHz 


77 


83 




dB 


C.B. 


Channel balance 


Output level ratio between CH-A and CH-B 


-0.5 


0 


0.5 


dB 



TEST CIRCUIT (Using single polarity power supply) 



INPUT 1 O- 
V, 

INPUT20- 



S3-1 



v 2 
o 



AC 

VOLTMETER 



Ro 47k 
47k 



— *vvv — •- 



s 6 -i 



CHA r 



CHB<> 



CHA 



CHBO- 



+ 



11 ]/u ZZ)/u 



+ 



A7/u 



ZZ\n 21 1 



5.1k 
-VvV- 



m m m m m m m 



CHA 

Tjir 



M51551P 

IT 



CHB 

nr 



:5.1k 



Note ' When a dual polarity power supply is used, pin 3 is 
the V E e pm (Ground pin 3 for signal polarity supply ) 



: 5.1k 



61 



o2 



S 4 



WW 



liJ s 

-r5V ' i 



s 2 



LED-2 
LED-1 



560 



CONTROL 
VOLTAGE 
O-, 



-t 

r 



~CHA 



AC 

VOLTMETER 
THD METER 



Units Resistance : fi 
Capacitance : F 
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TEST METHODS 



Symbol 


Switch conditions 


Test method 


Si 


s 2 


s 3 


s 4 


S5-1 


S5-2 


s 6 


Ice 


ON 


OFF 


ON 


1/2 








Read ammeter with V C c =: 15V. 


Vcntli 


ON 


ON 


ON 


3 








Measure the voltage applied to pin 12 at the point the signal applied to input 1 appears at output. 


VcNTL2 


ON 


ON 


ON 


3 








Measure the voltage applied to pin 12 at the point the signal applied to input 2 appears at output. 


Rj 


ON 


ON 


OFF 


1/2 


CHA 


CHA 




n _ V2XR0 At V,=1. 5Vrms, R 0 =47kn 


CHB 


CHB 


1 V1— V 2 measure V 2 relative to input 1 and input 2. 


G v 


ON 


ON 


ON 


1/2 


CHA 


CHA 


CHA 


G v =20 log -y^(dB) Vi=1. 5Vrms, V 0 =voltage output 


CHB 


CHB 


CHB 


Vo(imax) 


ON 


ON 


ON 


1/2 


CHA 


CHA 


CHA 


Measure output voltage for THD=1% at output. 


CHB 


CHB 


CHB 


THD 


ON 


ON 


ON 


1/2 


CHA 


CHA 


CHA 


Measure output distortion for V 2 =1. OVrms 


CHB 


CHB 


CHB 


No 


ON 


ON 


ON 


1/2 






CHA 


Input terminal AC ground, BPF20Hz~20kHz 


CHB 


C.T. 


ON 


ON 


ON 




CHA 




CHA 




CHB 


CHB 




C.L. 


ON 


ON 


ON 


1 


CHA 


CHA 


c T 

CHB 




C.B. 


ON 


ON 


ON 


1 


CHA 


CHA 


CHA 




CHB 


CHB 


CHB 





TYPICAL CHARACTERISTICS (T a =25°C, V CC =15V, unless otherwise noted) 



z 
o 

a. 

</) 
CO 

o 

DC 
UJ 

<: 
o 

0- 



800 



600 



400 



200 



THERMAL DERATING 
(MAXIMUM RATING) 



QUIESCENT CIRCUIT CURRENT 
VS SUPPLY VOLTAGE 



25 50 75 100 125 
AMBIENT TEMPERATURE TgCC) 



D 

O 



o 



22 





































































/ 














/ 




(SIN 
Exce 


GLE 
pt pi 


>OLA 
i2an 
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APPLICATION EXAMPLES 

(Dual polarity power supply) 

CH-A CH-A 
INPUT 1 INPUT 2 | 2 

Or 

^10k 

■04) 03) 0?) (U 



CH-B CH-B 
INPUT 2 INPUT 1 
+ 




1a*", flk — tf^ H^-' ii k zrlju 

Vcc 

( + ) 



6 

OUTPUT 
CH-A 



LED-1 6 
V EE 

(-) 



6 

OUTPUT 
CH-B 



(Single polarity power supply) 



CH-A CH-A 
INPUT 1 INPUT 2 , 
9 1 



Unit Resistance I fi 
Capacitance : F 

CH-B CH-B 
INPUT 2 INPUT 1 
9 




Or 



LED-1 



<?) — (*>— : 4 — A — (U 



# 100/; 



6 LED-2 



OUTPUT 
CH-A 



+ 
Ma* 



OUTPUT 
CH-B 
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LEVEL INDICATOR 



QUICK REFERENCE TABLE OF LEVEL INDICATOR 



Type No. 


Function 


Features 


Maximum ratings 


Package 
outline 


Max No 
of LEDs 
driven 


Display 
format 


Display 
threshold 


Output format 


Ref voltage 


Detection 
amplifier 


Supply 
voltage 
(VT 


Load current 


Allowable power 
consumption 
(mW) 


M51901P 


12 


Dot display, 
1 or 2 LEDs 


Linear 


Open collector 


Externally set 
5. 0—7. 5V 




• 23 operation modes 

• Blanking mode included 


10.2-16.5 


30mAmax 


650 


16-pin DIP 


M51903L 


5 


Bar display, 
linear LEDs 


Linear 


Open collector 
(B) M/V— O 


Internal 
1. 25V 




• Wide supply voltage range 

• Brightness of uppermost LED varies 
linearly with the input voltage 


4—18 


15mAmax 


450 


8-pin SIP 


M51910P 


9 


Dot display, 
only 1 LEDs 


Linear 


Open collector 

AAA r\ 

{mj wv — o 


Externally set 
0- — 3. 5V 




• Built-in timer 

• 2 LED-drive modes, so 2 in- 
puts can be displayed 


8—18 


20mAmax 


1400 


22- pin DIP 


M51906P 


6 


Bar display 


Acoustic 
threshold 
(dB) 


Open collector 


Internal 
1.25V 


Internal 

( gain set \ 
\ externally / 


• Wide supply voltage range 

• Detection amp built-in 

Cut-off frequency 500kHz typ 

Offset voltage 2mV typ 


4—15 


30mAmax 


1500 


14-pin DIP 


M51907P 


8 


Bar display 


Acoustic 
threshold 
(dB) 


Constant current 
cascade connection 


Internal 
1.25V 

( Ref voltage \ 
V terminal included / 


Internal 

/ gain set \ 
\ externally / 


• Wide supply voltage range 

• Output cascade connection re- 
duces power consumption by half 

• Detection amp built-in 

• Abundant applications circuits 


4—15 


25mAmax 


1600 


16-pin DIP 


M51909P 


8 


Bar display 


Linear 


Constant current 
cascade connection 


Internal 
1.25V 

( Ref voltage \ 
V. terminal included / 


Internal 

/ gain set ^ 
\ externally / 


4—15 


25mAmax 


1600 


M51911L 


6 


Bar display 


Acoustic 
threshold 
(dB) 


Constant current 
cascade connection 


Internal 
1.25V 


Internal 

ta) 


• Wide supply voltage range 

• Few external attachments required 

• Output cascade connection re- 
duces power consumption by half 

• Detection amp built-in 


4—15 


1 3mAtyp 
internally 
decided 


1100 


10-pin SIP 


M51912L 


6 


Bar display 


Linear 


Constant current 
cascade connection 


Internal 
1.25V 


Internal 


4—15 


1 3mAtyp 
internally 
decided 


1100 



8-pin SIP 10-pin SIP 14-pin DIP 16-pin DIP 22-pin DIP 




MITSUBISHI LINEAR ICs 

M51901P 

12-P0INT/23-M0DE LED DRIVER 



DESCRIPTION 

The M51901P is a semiconductor integrated circuit consist- 
ing of a driver circuit capable of driving 12 LEDs in 23 
modes. 

When a DC voltage is applied to the input pin the LED 
driving outputs are activated either 1 or 2 at a time to 
provide 23 LED drive modes i/i accordance with the applied 
voltage level. In addition, a blanking function is available 
when the reference voltage is made a low level. 

The M51901P consists of 12 differential amplifiers and 
the associated ladder circuit as well as a blanking circuit. 

FEATURES 

• 12 LEDs, may be driven in accordance with the level of a 
DC voltage applied to the input, using a built-in A-D 
conversion capability. 

• 23 operating modes are provided 

• Built-in blanking function 
z • The reference voltage level may be freely selected 

APPLICATION 

23-mode drivers for 12 LEDs, simplified A-D converters 

RECOMMENDED OPERATING CONDITIONS 

Supply voltage range 10.2~1 6.5V 

Rated supply voltage 13.2V 

Reference voltage range 5.0~7.5V 

Input voltage range 0~9.2V 

16-pin molded plastic DIP 



PIN CONFIGURATION (TOP VIEW) 



OUTPUT 7 [7 




16] OUTPUT 6 


OUTPUT 8 {2 




lU OUTPUT 5 


OUTPUT 9 [3 




u] OUTPUT 4 


OUTPUT 10 [4 


(ji 
<o 


13] OUTPUT 3 


OUTPUT 11 {5 


o 
TJ 


T|] OUTPUT 2 


OUTPUT 12 [6 




rj] OUTPUT 1 


REFERENCE SUPPLY (7 




ED v cc 


GND Q[ 




9] INPUT 



Outline 16P4 
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MITSUBISHI LINEAR ICs 

M51901P 



12-P0INT/23-M0DE LED DRIVER 



ABSOLUTE MAXIMUM RATINGS (T a =25°C, unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


VCC 


Supply voltage 




18 


V 


lo 


Output current 




30 


mA 


Pd 


Power dissipation 




650 


mW 


Ke 


Derating 


Ta^25°C 


6 5 


mW/°C 


Topg 


Operating temperature 




-20~ +75 


°C 


Tstg 


Storage temperature 




-40~ + 125 


°C 


ELECTRICAL CHARACTERISTICS (Ta=25°C, V C c=±13.2V, V REF =7.20V, unless otherwise noted) 


Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Mm 


Typ 


Max 


• cc 


Circuit current 


V|n = 0V, outputs open 




2 


5 


mA 


h 


Input current 


V, N = 9.2V 






100 


M A 


V 0 


Output voltage (pins © — (fj)) 


R L = 620 Q 


4 2 


5.5 


6 8 


V 


V B L 


Blanking voltage 


V| N = 9.2V,- l O = 100>A 






0 8 


V 


1® 


Pin (7) output current 


V, N = 0V 






15 


^A 


V® 


Output 2 on-state central input voltage 


l 0 ^1mA 




1 99 




V 


v® 


Output 3 on-state central input voltage 


l 0 ^1mA 




2.51 




V 




Output 4 on-state central input voltage 


l 0 ^1mA 




3.03 




V 


V© 


Output 5 on-state central input voltage 


l 0 ^1mA 




3 55 




V 


v© 


Output 6 on-state central input voltage 


l 0 ^1mA 




4 07 




V 


v© 


Output 7 on-state central input voltage 


l 0 ^1mA 




4 59 




V 


V® 


Output 8 on-state central input voltage 


l 0 ^1mA 




5 11 




V 


V® 


Output 9 on-state central input voltage 


l 0 ^1mA 




5 63 




V 


v@ 


Output 10 on-state central input voltage 


l 0 ^1mA 




6 15 




V 


v© 


Output 1 1 on-state central input voltage 


l 0 ^1mA 




6 67 




V 



TYPICAL CHARACTERISTICS (Ta=25X , unless otherwise noted) 

THERMAL DERATING 
(MAXIMUM RATING) 

1000 1 1 1 1 1 1 

? 

J 800 



CL 




0 25 50 75 100 125 

AMBIENT TEMPERATURE Ta (°C ) 
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M51901P 



12-POINT/23-MODE LED DRIVER 



APPLICATION EXAMPLES 



(1) 23-MODE DRIVER FOR 12 LEDS 



OUTPUT 1 2 



6 7 

$ $ it it 



® it 

(g)($)($)($)($0$>(3)(3)$0 



620G 



— O VCC 
(10.2 ~~ 165V) 



50 kQ: 




^ REFERENCE 

-\7J-f O SUPPLY 

I Vref 
20 V) 



(2) 22-LED DRIVER (USING CASCADE CONNECTION) 



£Ri 



(^(^^^^(2)(3)(4) 



2SC711 



M51901P 



Vcc(15V) 



> R2 



#12 #13|#14| #15| #16 



-<Ss) 



MZ304 



M5I901P 



1.5kQ 

R4 



10kQVR^ 
Rs 



*30kQ 
R6 



^MZ307 



>2kQ 
R3 



Note R s is chosen such that the lower drive level limit for LED #12 is just 0 24V 
higher than higher drive level limit for LED #10 
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MITSUBISHI LINEAR ICs 

M51903L 

LED LINEAR LEVEL INDICATOR 



DESCRIPTION 

The M51903L is a semiconductor integrated circuit consist- 
ing of a circuit designed for use in level meters. It is cap- 
able of driving 5 LEDs to create a bar-type display. In 
accordance with the input level, the uppermost LED bright- 
ness varies to form a linear indicator, making this device 
ideal for use in signal meters and VU meters. A low-voltage 
reference power supply is built in, so that the only external 
components required are 'LEDs, resistors and capacitors. 

FEATURES 

• Bar-type display of input level using 5 LEDs 

• The uppermost LED brightness varies linearly with 
respect to the input level resulting in a high-resolution 
display with no radiation. 

• By changing the external resistance values, the LED 
brightness can be adjusted l 0 =15mA(max.) 

• Operates over a wide range of supply voltages 
V CC =4~T8V 

• Built-in reference supply 

• High input impedance l m =100nA (typ.) 



PIN CONFIGURATION (TOP VIEW) 






J] OUTPUT 3 






T) OUTPUT 2 






T\ OUTPUT 1 




j 

CO 

© 


1 v cc 




5 


7] INPUT 






7] GND 






7] OUTPUT 5 






7] OUTPUT 4 


Outline 8P5 



APPLICATION 

Signal meters, VU meters, tuning meters, and other general 
display applications 

RECOMMENDED OPERATING CONDITIONS 

Supply voltage range 4~1 8V 

Rated supply voltage 10V 




8-pin molded plastic SIP 



BLOCK DIAGRAM 

r 

INPUT (4) — 1 



REFERENCE 
SUPPLY 



INPUT VOLTAGE 

DIFFERENTIAL 

DETECTOR 



INPUT VOLTAGE 

DIFFERENTIAL 

DETECTOR. 



INPUT VOLTAGE 

DIFFERENTIAL 

DETECTOR 



INPUT VOLTAGE 

DIFFERENTIAL 

DETECTOR 



INPUT VOLTAGE 

DIFFERENTIAL 

DETECTOR 



Vcc 
5>- 



SUPPLY VOLTAGE 
DETECTOR 



- MULTIPLIER 



<2) OUTPUT 5 



(l) 





8) OUTPUT 3 



^M^- (p 





6) OUTPUT 1 
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M51903L 



LED LINEAR LEVEL INDICATOR 



ABSOLUTE MAXIMUM RATINGS (T a =25°C, unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


V CC 


Supply voltaQe 




1 8 


y 


VlN 


Input voltage 




6 


V 


BV 0 


Output breakdown voltage 




18 


V 


lo 


Output current 




15 (per pin) 


mA 


PdF 


Power dissipation 


With the M51903L soldered to a printed circuit board 
(copper-clad area 4 5x 5 5cm, thickness 35/u, board 
thickness 2 Omm) 


550 


mW 


KflF 


Derating 




5.5 


mW/ °C 


Topg 


Operating temperature 




-20~ + 75 


°C 


Tstg 


Storage temperature 




-40~ + 125 





ELECTRICAL CHARACTERISTICS (T a =25°C, V C c=±10V, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Mm 


Typ 


Max 


Vcc 


Supply voltage range 




4 


10 


18 


V 


VlNF 


Fullscale input voltage 






1320 




mV 


Vstep 


Step voltage 






210 




mV 


l|N 


Input current 


V| N = 0V (Notel) 




0.1 


1 .0 


/.A 


ice 


Circuit current 


V| N = 0V 




5 


8 


mA 




Output 1 LED drive voltage 


R L = 1 ,5kQ 
l L =100//A 

Using red GaAl As LEDs 


170 


230 


300 


mV 


VlT® 


Output 2 LED drive voltage 


380 


450 


530 


mV 


ViTd) 


Output 3 LED drive voltage 


580 


660 


730 


mV 


VlT© 


Output 4 LED drive voltage 


780 


860 


940 


mV 


V|T(D 


Output 5 LED drive voltage 




980 


1070 


1180 


mV • 



Note 1 Current flowing from pin © is taken as positive current 



TYPICAL CHARACTERISTICS (Ta = 25 C Vcc= 10V unlessotherw.se noted) 
(For the following typical characteristics, R L in the application example (1) is 1 5kft and red GaAIAs LEDs are used for measurements! 

THERMAL DERATING 
(MAXIMUM RATING) 



600 



(1) Devi 

(2) With 
circu 

— thick 

(2) 
(D 


ze alone 
the M51S 
it board ( 
^ness 35/i, 


03 L solde 
copper-cla 
board thi 


red to a p 
d area 4 5 
ckness 2 0 


rinted 
x 5 5cm , 
mm) 
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MITSUBISHI LINEAR ICs 

M51903L 



LED LINEAR LEVEL INDICATOR 



CIRCUIT CURRENT VS 
INPUT VOLTAGE 
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LED LINEAR LEVEL INDICATOR 



PINCDOUTPUT CURRENT 
VS INPUT VOLTAGE 
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600 700 800 900 1000 



INPUT VOLTAGE V, N (mV) 



PIN® OUTPUT CURRENT VS PIN(2)OUTPUT CURRENT VS 

INPUT VOLTAGE TEMPERATURE INPUT VOLTAGE TEMPERATURE 

CHARACTERISTICS CHARACTERISTICS 



< 




01 *2ZJ I I I n l I | I 

800 900 1000 1100 1200 1Q00 1100 1200 1300 1400 



INPUT VOLTAGE V, N (mV) IN^UT VOLTAGE V, N (mV) 



A MITSUBISHI 
ELECTRIC 



i-9 



MITSUBISHI LINEAR ICs 

M51903L 

LED LINEAR LEVEL INDICATOR 



APPLICATION EXAMPLES 



(1) M51903L used alone 




o Vcc 



Note 1 The value of R L is chosen to suit the LED devices to be used The maximurr 
LED current - (V CC -LED forward voltage drop-1 0)/Rl < 15mA 



(2) M51903L used in cascade connection 

(i) Circuit for a maximum input voltage of 7V 




Note 1 Resistance R, is selected so that the turn-on voltage for LED #6 is approximately 630mV higher than that of LED # 5 

(3) Circuit for a maximum input voltage of 2.3V 




-oVcc 



Note 1 Resistance selected so that the turn-on voltage for LED #6 is apptoximately 210mV higher than that of LED #5 
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M51910P 



8-POINT/2-INPUT LED DRIVER 



DESCRIPTION 

The M51910P is an IC capable of driving a LED input level 
display according to the LED display mode. It can also be 
used as a comparator because it can issue a control signal 
after comparing input values. The M51910P has a built-in 
timer for control use. 

There are two input pins for the display. One input is for 
the continuous display mode, and the other is for the on-off 
display mode, so that two inputs can be displayed on the 
same LED. 

FEATURES 

• Drives two display modes, displaying two inputs 

• Reference voltage can be freely selected 0.5~3.5V 

• Built-in regulated power supply 

V S =4.8V, l O max=10mA 

• Built-in timer setting range is 5min. 



PIN CONFIGURATION (TOP VIEW) 



3-MINUTE TIMER pr-i 
TIME CONSTANTS LI 
CONTROL FT 
OUTPUT SWITCH J= 
NOISE FILTER |T 

CONTROL OUTPUT[T 

GNDrr 
REGULATED £ 
POWER SUPPLY [£ 
OUTPUT r^- 
Vcc LL 
INPUT 2 |T 

INPUT 1 Q[ 
UPPER rfn 
REFERENCE IN LL2 
LOWER ppf 
REFERENCE IN L — • 




CLOCK PULSE 
TIME CONSTANTS 
ZQ DISPLAY OUTPUT 8 

20] DISPLAY OUTPUT 8 
TUdisplay OUTPUT 7 
HJdisplay OUTPUT 6 
TUdisplay OUTPUT 5 
TUdisplay output a 
TUdisplay output 3 

Ml DISPLAY OUTPUT 2 

TUdisplay output 1 

TolON-OFF CYCLE 
^TIME CONSTANTS 



APPLICATION 

Control equipment level indicator, thermometer for tempera- 
ture adjustment devices. 



RECOMMENDED OPERATING CONDITIONS 

Supply voltage range -8~18V 

Rated supply voltage 12V 




22-pin molded plastic DIP 



Rl OPk niAftRAM DISPLAY DISPLAY DISPLAY DISPLAY DISPLAY DISPLAY DISPLAY DISPLAY 
dl.\s\#ix uiMunMivi OUTPUT 8 OUTPUT 7 OUTPUT 6 OUTPUT 5 OUTPUT 4 OUTPUT 3 OUTPUT 2 OUTPUT 1 , 
DISPLAY/ 



- ^TOr^ — (y) (y) (y) (y) (y) (y) (y) (y) n 



TIME-DIVISION AND ON-OFF LOGIC 



AA AA AA AA A A AA AA AA 



REGULATED 



AAAH 



TIMER AND 
CONTROL LOGIC 



ON-OFF CLOCK 
OSCILLA-OSCILLA 
"TOR | |TOR | 

1 — ' — 'to 

PIN 6 





R IS%yffe& TED Vcc GND UPPER INPUT INPUT ON-OFF CLOCK 3-MIN. TIMER NOISE CONT- CONTROL LOWER 
ci iddi v REFE- 1 2 CYCLE PULSE TIME TIME CONS- FILTER ROL OUTPUT REFERENCE 
-a.UKKlJf dck.^c CONSTANTS CQNSTANTS TANTS OUTPUT SWITCH 



OUTPUT 
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MITSUBISHI LINEAR ICs 

M51910P 



8-POINT/2-INPUT LED DRIVER 



ABSOLUTE MAXIMUM RATINGS (T a =25°C, unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


Vcc 


Supply voltage 




18 


V 


•odis 


Display output current 




*30 


mA 


BVodis 


Display output dielectric strength 




18 


V 


1® 


Pin (?) input current 




50 


mA 


BV® 


Pin @ dielectric strength 




30 


V 


1© 


Pin <D output current 




-10 


mA 


Pd 


Power dissipation 




1400 


mW 


K«? 


Thermal derating 




1.4 


mW/°C 


Topr 


Operating temperature 




-20 — h75 


°C 


T stg 


Storage temperature 




-40-+125 


°C 



* The peak current may be as high as 40mA when the clock frequency is over 30Hz. 



ELECTRICAL CHALACTERISTICS (T a =25°C, V CC =12V, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


i 

•cc 


; 

Circuir current 


Pin (7) input current 




10 


20 




V s 


Regulated power voltage 


Pin (6) voltage 


4. 0 


4. 8 


5. 4 . 


V 


'®in 


Pin (8) output current 






1 . 7 


1 0 




i^ 
•C9)in 


Pin (8) output current 






1 . 7 


1 0 




•<®m 


Pin (© output current 






1 . 7 


1 0 


//A 


'©in 


Pin (Q) output current 






2. 7 


1 5 


A 


V(Don2 


Pin (8) threshold voltage output 2 


V( D) =2. 2V 
V®=2. 8V 

Pin (D voltage increases from low level and 
all outpus go ON. 


2. 180 


2.22 


2. 250 




V®on3 


Pin (8) threshold voltage output 3 


2. 265 


2. 30 


2. 335 


V 


V(§)on4 


Pin (§) threshold voltage output 4 


2. 345 


2. 38 


2.415 


v 


V®on5 


Pin (8) threshold voltage output 5 


2. 425 


2. 46 


2.495 


V 


V(§)on6 


Pin (8) threshold voltage output 6 


2.505 


2. 54 


2. 575 


V 


V®on7 


Pin (8) threshold voltage output 7 


2. 585 


2. 62 


2. 655 


V 


V®on8 


Pin (8) threshold voltage output 8 


2. 670 


2. 70 


2. 740 


V 


V(§)on9 


Pin (8) threshold voltage output 9 


2. 750 


2. 79 


2. 820 


V 


V@on2 


Pin (9) threshold voltage output 2 


V^==2. 2V 
V©=2. 8V 

Pin (D voltage increases from low level and 
all outputs go ON 


2.180 


2. 22 


2. 250 


V 


Vc9)on3 


Pin (9) threshold voltage output 3 


2. 265 


2. 38 


2. 335 


V 


V@on4 


Pin (9) threshold voltage output 4 


2. 345 


2. 38 


2.415 


V 


Vc9)on5 


Pin (9) threshold voltage output 5 


2. 425 


2. 46 


2. 495 


V 


Vc©on6 


Pin (9) threshold voltage output 6 


2. 505 


2. 54 


2. 575 


V 


V(9)on7 


Pin (D threshold voltage output 7 


2. 585 


2. 62 


2. 655 


V 


Vc9)on8 


Pin (D threshold voltage output 8 


2. 670 


2. 70 


2. 740 


V 


V(9)on9 


Pin (9) threshold voltage output 9 


2.750 


2.79 


2. 820 


V 


VC8)TH 


Pin (8) display output hysterisis 


Difference between input levels when output 
. is ON and OFF 


3 


5 


7 


mV 


V(g)TH 


Pin (D display output hysterisis 


AV® 


Pin (D output i to i+1 step voltage 


Difference between input levels when 
neighboring outputs are ON 


70 


82 


95 


mV 


AV C 9) 


Pin (9) output i to i-H step voltage 


A V(8X9) 


Threshold voltage difference for same 
output between pin (8) and pin (9) 




-12 


0 


12 


mV 


Fcl 


Oscillator frequency 


1/2 pin @> oscillator frequency 




90 




Hz 


F<DNOF 


On-off oscillator frequency 


1/2 pin © oscillator frequency 


2 




Hz 




VcTH 


Error detector threshold voltage 


V <D=2, 500V and V <D changes 
Pin (4) inversion voltage and hysterisis 


2. 490 


2. 505 


2. 520 


V 


Act 


Error detector hysterisis 


5 


15 


25 


mV 


T 


Timer operating time 


1.5MQ resistance attached to pin CD 
100Q F capacity connected to pin 0 




200 




sec 
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MITSUBISHI LINEAR ICs 

M51910P 



8-POINT/2-INPUT LED DRIVER 



TYPICAL CHARACTERISTICS (T a =25°C, unless otherwise noted) 
THERMAL DERATING (MAXIMUM RATING) 




ON-OFF, CLOCK FREQUENCIES 
VS. AMBIENT TEMPERATURE 



2.0, . . . 1 1 200 



>- 

O 

z 

HI 
D 

o 



o 
o 

























F 0 


NOF 












F C L 



















20 40 60 80 100 



AMBIENT TEMPERATURE T a (°C) 



AMBIENT TEMPERATURE T a (°C) 



THREE-MINUTE TIMER OPERATING 
TIME VS. AMBIENT TEMPERATURE 

400, — 



-40 -20 0 20 40 60 80 100 
AMBIENT TEMPERATURE T a (°C) 



< 



5.0 



O 
> 
Q 

UJ 
h- 

< 2.5 

D 

O 

HI 



REGULATED VOLTAGE VS. 
AMBIENT TEMPERATURE 



-40 -20 0 20 40 60 80 100 
AMBIENT TEMPERATURE T a (°C) 



> 
E 



ERROR AMPLIFIER ON-OFF VOLTAGE 
VS. AMBIENT TEMPERATURE 

























ON 


VOL! 


"AGE 










































AGE 








OFF 


S/OLJ 

















O 

> 



-40 -20 0 20 40 60 80 100 



AMBIENT TEMPERATURE T a (°C) 



DISPLAY THRESHOLD VOLTAGE 
VS. AMBIENT TEMPERATURE 



O 
I 

CO 
UJ 
DC 
I 
I- 
> 
< 
-J 
CL 
CO 
Q 



2.3 















#9 

•#8_ 

#7 

#6 




































































'#5 
#4 
























#3 
#2 













-40 -20 



20 40 60 80 100 



AMBIENT TEMPERATURE T a (°C) 
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MITSUBISHI LINEAR ICs 

M51910P 



8-POINT/2-INPUT LED DRIVER 



TEST CIRCUIT AND TYPICAL APPLICATION v 00 =i 2 v 

Q 
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MITSUBISHI LINEAR ICs 

M51906P 



6-STEP BAR TYPE LED LEVEL INDICATOR 



DESCRIPTION 

The M51906P is a semiconductor integrated circuit de- 
signed for LED level meters. It functions as a bar-type dis- 
play for inputs of up to 6 LEDs. With its built-in advanced 
half-wave rectification operational amplifier, it accepts direct 
input of either AC or DC signals. 

A logarithmic scale of 3, 0, —3, —7, —12, and -18dB dis- 
play levels is provided, making the M51906P ideal for VU 
meters applications. 

FEATURES 

• Advanced half-wave rectification OP amp built in 

Cut-off frequency 500kHz(typ.) 

Offset voltage 2mV(typ.) 

• High output drive current 30mA(max) 

• Wide supply voltage range 4V—15V 

• Small circuit current when in no-signal condition 

0.9mA(typ.) 

• Open-collector-type output, so power dissipation is low 
and low-voltage operation is possible 

• Input amp gain is varied by external resistance 

• Shifting the LED turn-on voltage is easy with the 
reference voltage setting pin 

APPLICATION 

Signal meters, VU meters, and tuning meters. 

RECOMMENDED OPERATING CONDITIONS 

Supply voltage range 4—1 5V 

Rated power supply 9V±10% 



PIN CONFIGURATION (TOP VIEW) 



NON INV INPUT |T 
INV INPUT (T 
AMP OUTPUT |T 
BIAS REF VOTAGE [T 
REF VOLTAGE fT 
SETTING 
GND [F 

Vcc \T 



CD 
"0 



14] OUTPUT 1 
TU OUTPUT 2 
]2] OUTPUT 3 
iT] GND 
To] OUTPUT 4 
T] OUTPUT 5 
8] OUTPUT 6 




14-pin molded plastic DIP 



BLOCK DIAGRAM 



BIAS REF 
Vcc VOLTAGE 




AMP OUTPUT OUTPUT OUTPUT OUTPUT OUTPUT OUTPUT OUTPUT GND GND 

1 2 3 4 5 6 
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MITSUBISHI LINEAR ICs 

M51906P 



6-STEP BAR TYPE LED LEVEL INDICATOR 



ABSOLUTE MAXIMUM RATINGS (T a =25C, unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


V C c 


Supply voltage 




16 


V 


BV 0 


Output voltage 




16 


V 


lo 


Output current 




30 


mA 


V,n 


Input voltage 


Input terminal to GND 


-3~Vcc-0. 8 


V 


|V<d-V<2)| 


Input differential voltage 


Pin © to pin (D 


5 


V 


v® 


Pin (5) voltage 


Pin (5) to GND 


4 


V 


1® 


Pin @ input current 




1.5 


mA 


1® 


Pin CD output current 




-1 


mA 


Pd 


Power dissipation 




1500 


mW 


Ke 


Thermal derating 


T a ^25°C 


12 


mW/t 


Topr 


Operating temperature 




-20- +75 


°C 


T stg 


Storage temperature 




-40-+125 


°C 


V© 


Pin (D voltage 


Pin (D to GND 


6 


V 


ELECTRICAL CHARACTERISTICS (T a =25°C, V CC =9V, unless otherwise noted) 


Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


V C c 


Supply voltage 




4.0 




15.0 


V 


'cci 


Circuit current 


V©— V(D=0V(when all LEDs are off) 




0.9 


2 


mA 


lcC2 


Circuit current 


v 0D~ v © == 2V(when all LEDs are on) 




10 


20 


mA 


V,o 


Input amp offset 


Input voltage V©=2V 




2 


10 


mV 


I.B 


Input amp bias current 


Input voltage V(j)=2V 




50 


250 


nA 


Vref 


Reference voltage 


Pin (3) voltage 


1.15 


1.35 


1.55 


V 


1© 


Pin (D output current 


Vcd=0V 


-600 


-400 


-260 


juA 


VsAT 


Output saturation voltage 


lsmk=30mA 




0.3 


1 


V 


Vthi 


Output 1 threshold voltage 


Amp gain=1 

Pin (5) voltage is taken as reference 


91 


114 


144 


mV 


-20 


-18 


-16 


dB 


V th 2 


Output 2 threshold voltage 


181 


228 


287 


mV 


-14 


-12 


-10 


dB 


V th 3 


Output 3 threshold voltage 


341 


405 


481 


mV 


-8.5 


-7 


-5.5 


dB 


V th 4 


Output 4 threshold voltage 


572 


641 


720 


mV 


-4 


-3 


-2 


dB 


Vth5 


Output 5 threshold voltage 


807 


906 


1017 


mV 


-1 


0 


+1 


dB 


V th 6 


Output 6 threshold voltage 


1141 


1280 


1436 


mV 


+2 


+3 


+4 


dB 


Iol 


Output leak current 


Vqut^Vcc 






1 





8-16 



A MITSUBISHI 
ELECTRIC 



MITSUBISHI LINEAR ICs 

M51906P 

6-STEP BAR TYPE LED LEVEL INDICATOR 



TYPICAL CHARACTERISTICS (T a =25°C, unless otherwise noted) 

CIRCUIT CURRENT VS. SUPPLY VOLTAGE 



THERMAL DERATING (MAXIMUM RATING) 

2000 

? 
E 



1500 



z 
o 

< 1000 

CL 

(/) 



Q 

oc 
ui 

o 

CL 



500 



0 



25 



50 



75 100 125 
AMBIENT TEMPERATURE T a (°C) 



D 

O 

D 

O 
DC 



14 
12 
10 
8 
6 
4 
2 
0 



5 10 15 20 

SUPPLY VOLTAGE V cc (V) 



H 
Z 

UL) 

DC 
CC 
D 
O 
(0 

< 

CD 
Q. 

< 
l- 

D 
0. 

z 



100 



60 



40 



20 



INPUT AMP BIAS CURRENT 
VS. SUPPLY VOLTAGE 



5 10 15 

SUPPLY VOLTAGE V cc (V) 



20 



VOLTAGE GAIN VS. INPUT FREQUENCY 



z 
< 
0 

LU 

CD 
< 

_j 
O 
> 



25 



20 



15 



10 



V CC =9V 
V, N =100rriVrms 
R e =3kQ 
Rf=27kO 

Ml I ll 



100 3 571k 3 5710k3 57100k3571M 3 5710M 
INPUT FREQUENCY F IN (Hz) 



OUTPUT THRESHOLD VOLTAGE 
VS. SUPPLY VOLTAGE 



OUTPUT THRESHOLD VOLTAGE 
VS. AMBIENT TEMPERATURE 



1.6 
1.4 
1.2 
1.0 
0.8 
0.6 
0.4 
0.2 
0 

















Vthe 






















Vths 














Vth4 








Vtha 








Vth2 








Vthi 









0 5 10 15 20 

SUPPLY VOLTAGE V cc (V) 



1.6 
1.4 
1.2 
1.0 
0.8 
0.6 
0.4 
0.2 
0 













V C c= 


=9V 
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AMBIENT TEMPERATURE T a (°C) 
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MITSUBISHI LINEAR ICs 

M51906P 



6-STEP BAR TYPE LED LEVEL INDICATOR 



APPLICATION EXAMPLES 
(1)AC INPUT 



(2) DC INPUT 



V CC =9V 



V CC =9V 



#1 #2 #3 #4 #5 #6 



#1 #2 . #3 #4 #5 #6 




Y f 

Rl >Rl > >■ ^ L <■ ^ L 



DC IN „ 
9— <J> 




2. 



M51906P 



0 (3) (4) (5) (6) (J) 
Input voltage Rf T I 

Re l Tc F 



R L Resistance determining 
LED current (470Q typ ) 

OPERATION 

The AC signal applied through the coupling capacitor 
C c is rectified and amplified mainly at reference Pin @, 
and then output at Pin (3). The voltage at Pin ® is com- 
pared with the reference voltage at Pin © (internal re- 
ference voltage 1.28V divided on a logarithmic scale), 
and the LED is driven according to the comparator 
output. 

Note 1. Amp gain 

-5^- (R e +Rf~30kQ) 

The peak value is output at Pin (D, so a DC voltage of 
approximately 1.4 times the rms value is output. 
Note 2. Select the value of C F according to the recov- 
ery time. 
Recovery time: C F X(R e +Rf) 
Attack time: C F X430Q 
Note 3. LED current 
Vcc ~ Vfled— Vsat 
Rl 

Vfled: LED forward voltage drop 

Vsa-t IC output saturation voltage 
Note 4. Pin ® voltage is approximately 1 .35V at normal 
temperature (25°C) , the temperature coefficient is 
-4mV/°C. 



77T 

V b .as=1.2~ 



•3. 5V 



77T 



Note 5. If less then 6 LEDs are used, leave the unused 

output terminals open. 
Note 6. When using DC input, leave Pin ® open and 

connect the external reference voltage of 1.2~3.5V to 

Pin© 

CAUTION 

1. If the power supply connection positive and negative 
terminals are reversed, the M51906P will lose a lot of 
current and this can cause serious damage to the 
device. 

2. The output is an open collector, so load resistances 
must be connected in series with the LEDs. 
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MITSUBISHI LINEAR ICs 

M51907P 

8-STEP BAR TYPE LED LEVEL INDICATOR 



DESCRIPTION 

The M51907P is a semiconductor integrated circuit de- 
signed for LED level meters. It drives a bar-type input-level 
display for up to 8 LEDs. With its built-in advanced half- 
wave rectification operational amplifier, the M51907P 
accepts direct input of either AC or DC signals. 

A logarithmic scale of 5, 2, 0, —2, —5, —8, —13, and 
— 18dB display levels is provided, making the M51907P 
ideal for signal meter applications. 

FEATURES 

• Advanced half-wave rectification OP amp built in 

Cut-off frequency 200kHz(typ.) 

Offset voltage 2mV(typ.) 

• Output current can be adjusted with a single resistor 

2~25mA 

• Wide supply voltage range 4~15V 

• LEDs are grouped in two's by cascade connection, so 
when all LEDs are driven in parallel, the current required 
is reduced by half 

• Parallel shifting of the LED turn-on voltage is easy with 
the lower ref in pin 

• Advanced half-wave OP amp gain is varied by external 
resistance 

• Reference voltage terminal for full-scale coordination, 
making it easy to use the M51907P and the companion 
M51909P in cascade connection to drive more than 8 
LEDs. 

APPLICATION 

Signal meters, VU meters, and tuning meters. 

RECOMMENDED OPERATING CONDITIONS 

Supply voltage range 4~15V 

Rated power supply 9V±10% 



PIN CONFIGURATION (TOP VIEW) 


NON INV INPUT [T 




H$| LOWER REF IN 


lfc.IV/ IKIDI IT I O 

INV INPUT [Z_ 




1 0| Rbr VOLTACac. 


AMP OUTPUT [T 




3] V cc 


GND [T 


01 


V3] OUTPU 1 


OUTPUT 8 [j[ 




12] OUTPUT 2 


OUTPUT 7 [6 




jl] OUTPUT 3 


OUTPUT 6 \T 




TO] OUTPUT 4 


OUTPUT 5 [F 




9]gnd 










16-pin molded plastic DIP 



BLOCK DIAGRAM 



LOWER FER. IN (16, 

NON INV INPUT M 
INV INPUT (2 



REF VOLTAGE 
1.25V 
15) 




REF 
CONSTANT 
CURRENT 
SUPPLY 



CURRENT 




CURRENT 




CURRENT 




CURRENT 


SWITCH 




SWITCH 




SWITCH 




SWITCH 




AMP OUTPUT 1 OUTPUT 3 OUTPUT 5 OUTPUT 7 
OUTPUT OUTPUT 2 OUTPUT 4 . OUTPUT 6 OUTPUT 8 
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MITSUBISHI LINEAR ICs 

M51907P 



8-STEP BAR TYPE LED LEVEL INDICATOR 



ABSOLUTE MAXIMUM RATINGS (T a =25°C, unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


V cc 


Supply voltage 




16 


V 


BV 0 


Output voltage 




16 


V 


lo 


Output current 




25 


mA 


V, N 


Input voltage 


Input pin to GND 


-3~V CC 


V 




Input differential voltage 


Pin © to pin (D 


5 


V 


v© 


Pin ® voltage 


Pin ® to GND 


Vcc 


V 


i© 


Pin © input current 




500 




i® 


Pin (3) output current 


Static value 


-1 


mA 


Pd 


Power dissipation 




1600 


mW 


Kd 


Thermal derating 


T a ^25°C 


12.8 


mW/°C 


Topr 


Operating temperature 




-20—+75 


°C 


T stg 


Storage temperature 




-40 — H25 


°C 



ELECTRICAL CHARACTERISTICS (T a =25°C, V CC =9V, unless otherwise noted) R a d: Pin © adjustable resistor 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Mm 


Typ 


Max 


Vcc 


Supply voltage 




4.0 




15.0 


V 


led 


Circuit current 


V©=0V(when all LEDs are off) 
Rad=2.8kQ 




5.0 


8. 0 


mA 


'CC2 


Circuit current 


V(T)=2V(when all LEDs are on) 
Rad=2.8kQ 




7.0 


11.2 


mA 


V,o , 


Input offset voltage 


Input voltage V<d=1 V 




2 


10 


mV 


I.B 


Input bias current 


Input voltage V©=0V 


-300 


-50 




nA 


V,N 


Input voltage range 




0 




Vcc-2 


V 


Vref 


Reference voltage 


Rad=6.4kQ 


1. 125 


1.250 


1.375 


V 


V© 


Pin ® set voltage range 




—0.2 




Vcc-3.5 


V 


1® 


Pin ® output current 




-2000 


-50 




nA 


Vthi 


Output 1 threshold voltage 




70 


89 


111 


mV DC 




-20 


-18 


-16 


dB 


V th 2 


Output 2 threshold voltage 




125 


157 


198 


mV DC 




-15 


-13 


-11 


dB 


V th 3 


Output 3 threshold voltage 




235 


280 


333 


mV DC 




-9.5 


-8 


-6.5 


dB 


Vth4 


Output 4 threshold voltage 




352 


395 


443 


mV DC 


Amp gain=1 


-6 


-5 


-4 


dB 


V th 5 


Output 5 threshold voltage 


Pin (S) voltage is taken as reference 


498 


558 


627 


mV DC 




-3 


-2 


-1 


dB 


V t h6 


Output 6 threshold voltage 




627 


703 


789 


mV DC 




-1 


0 


+1 


dB 


V t h7 


Output 7 threshold voltage 




789 


885 


993 


mV DC 




+1 


+2 


+3 


dB 


Vths 


Output 8 threshold voltage 




1114 


1250 


1403 


mV DC 




+4 


+5 


+6 


dB 


'oi_ 


Output leak current 








1 


juA 


lo 


Output current 


Rad=6. 4k Q 


9.6 


12 


14.4 


mA 


lo' 


Output current 


Rad=2. 8k Q 


20 


25 


30 


mA 


VsAT 


Output saturation voltage 


Rad=2. 8k Q 
lo=12.5mA 






, 500 


mV 



(—20 
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MITSUBISHI LINEAR ICs 

M51907P 



8-STEP BAR TYPE LED LEVEL INDICATOR 



TYPICAL CHARACTERISTICS (T a =25°C, unless otherwise noted) 

ALLOWABLE MAX OUTPUT CURRENT 
< VS. OUTPUT TERMINAL MAX VOLTAGE 



THERMAL DERATING (MAXIMUM RATING) 

2500 



E 



2000 



z 

g 

< 

CO 
CO 

Q 

0C 
UJ 

O 

0. 



1500 



1000 



500 




z 

LU 
DC 

oc 

D 

o 

I— 
D 
Q. 
H 
D 

o 

< 
2 



30 



25 



20 



15 



10 



















*\ 
\ 

\ 














WH 

TEf 
WH 

rtr 


EN MA 
\AP IS A 
EN MA 
/IP IS 6 


X OPEF 
X OPEP 

rc 


ATING 
ATI NO 





0 25 50 75 100 125 



12 



16 



20 



AMBIENT TEMPERATURE T a (°C) 



OUTPUT TERMINAL MAX VOLTAGE V c 
(Max voltage applied to LEDs) 



(V) 



CIRCUIT CURRENT VS. SUPPLY VOLTAGE 



z 

LU 

DC 

DC . 

D 

O 

t 

D 

O 

CC 



10 

















•cC2 


t — 












■cci 

























5 10 15 20 

SUPPLY VOLTAGE V cc (V) 



THRESHOLD VOLTAGE OF EACH 
OUTPUT VS. SUPPLY VOLTAGE 



1.6 
1.4 
1.2 
1.0 
0.8 
0.6 
0.4 
0.2 
0 

















Vths 
















V th 7 
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APPLICATION EXAMPLES 
(1) AC INPUT 



(2) DC INPUT 
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S"^ (J) (J) 



Rad| 



Rad: Resistance determining LED current 

(See OUTPUT CURRENT VS. PIN © ADJUSTABLE RESISTANCE graph) 

OPERATION 

The AC signal applied through the coupling capacitor 
C c is rectified and amplified mainly by the GND voltage 
and output at Pin ®. The voltage at Pin (3) is compared 
with the reference voltage at Pin © (internal reference 
voltage 1.25V divided on a logarithmic scale), and the 
resultant comparator output drives the LEDs. 
Note 1. Amp gain 
Rs+Rf 



The peak value is output at Pin (3), so when this is a 
sine wave, a DC voltage of approximately 1.4 times 
the rms value is output. 

Note 2. Select the value of C F according to the recov- 
ery time. 
Recovery time: C F X(R S +Rf) 
Attack time: C F X460Q 

Note 3. LED current 
Pin © adjustable resistor determines the LED current. 
(See the OUTPUT CURRENT VS. PIN © ADJUST- 
ABLE RESISTOR graph) 

Note 4. When less than 8 LEDs are used, proceed as 
follows. 



2. When #2 LED is not used. 




M51907P 



3. When #1 and #2 LEDs are not used: 



Pins © and ( 
open 
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1. When #1 LED is not used: 




-O Vcc 



-O V c 
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4. When any of LEDs #3 to #8 are not used: 

When an even-numbered LED is not used, follow the 
procedure given for LED # 2, and when an odd-num- 
bered LED is not used, follow that for LED #3. 
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(3) Cascade connection 

It is easy to create a 16-step indicator by using two example illustrates how this problem is avoided. Fifteen 
M51907Ps, but the drive threshold value (dB) is irregu- LEDs can be driven using this configuration with the 
lar, so there is a tendency to unnatural deviation is the M51907P and the M51909P. 
drive threshold value at the connection. The following 




w 



Note 1. To equalize the brightness levels of the M51907P and the M51909P, select Ri a d and R 2 ad so that Rad == Riad+R2ad- 
Note 2. When values for Riad and R2ad are selected so that R ia d'R2ad = 1 : 2. 53, the threshold values are as follows. 
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(4) Fixed reference bias DC input 
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Display is given by the formula V| N X— ^ V B ias 
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Display is given by the formula (V| N — V B ias)X 
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(5) Different color LEDs (when different drive currents 
are desired for the LEDs) 

Select Pin © adjustable resistor for connection to the 
LED that requires the maximum drive current. Then con- 
nect resistors in parallel to the remaining LEDs with re- 
duced current. 

For example, to reduce the current for LEDs #6, #7, 
and #8, use the following arrangement. 



o v cc 




The currents flowing through each of the LEDs in the 
above circuit configuration are given by the following 
formulas. 
For LEDs #1 

l|_EDA~60X 

For LED #6 

'ledb 60X^-^ ft^Leda 
For LED #7 

Iledc^GOX 
For LED #8 

Iledd^GOX^^ Ileda 
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v® 




Rad 






V F6 


Rad 


Re 


. v @ 


VF7 


' Rad 


R 7 


v® 


V F8 


Rad 


Rs 



Yel 
R 6 

VF7 

v F8 

Rr 



V®, Pin © voltage, is 1.25V and V F6 , V F 7, and V F 8 are 
the forward voltage drops for LEDs #6, #7, and #8 re- 
spectively. 

The M51907P is designed so that the temper- 
ature-dependency of the voltage at Pin ® is very low. 
The LED forward voltage drop, only —2 to — 2.5mV/°C, 
also has a relatively low temperature dependence. 
These design features make it possible to accurately 
set the current flowing through each LED. 



(6) All LEDs light at minimum-voltage input signal, 
and the LEDs are extinguished as the input voltage 
increases 

-OVcc 
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Display follows the formula: 

1.25(V)XRad 2 , ■ Rf > _Rf_ 

R _j ip . AUT" d f V| N A D V B |AS 
Note LED drive voltage is determined by R a di + R ad2 

(7) High supply voltage produces high output currents 

The relation between the allowable output current and 
the maximum voltage at the output terminal is deter- 
mined by the thermal derating curve. (See the ALLOW- 
ABLE OUTPUT CURRENT VS. OUTPUT TERMINAL 
MAXIMUM VOLTAGE graph) 

Therefore, if the user wants a high supply voltage to 
produce high output currents, the following circuit con- 
figuration can be used, but the output terminal voltage 
must be low 



Rd 



<$> #3 ^ «#7 
^ (fo (ij) (8) 0 (6) (5) (fo 




-OV c 



A realistic design involves taking the required output 
current (LED current - l LED ) as the allowable maximum 
output current, and then determining the corresponding 
output terminal maximum voltage V 0 max from the 
ALLOWABLE OUTPUT CURRENT VS. OUTPUT TER- 
MINAL MAX VOLTAGE graph. Then if the maximum 
value for the supply voltage is V C c max> the value of R<j 
has to be determined to satisfy the relation ^Iled'^q^ 
Vcc max - Vq max- 



MITSUBISHI 
k ELECTRIC 



8-25 



MITSUBISHI LINEAR ICs 

M51907P 



8-STEP BAR TYPE LED LEVEL INDICATOR 



(8) Adjusting LED brightness with respect to the 
surrounding light 




o v c 




The LED current is determined by Rad+Rcds- 
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DESCRIPTION 

The M51909P is a semiconductor integrated circuit de- 
signed for LED level meters. It drives a bar-type input-level 
display for up to 8 LEDs. With its built-in advanced half- 
wave rectification operational amplifier, the M51909P 
accepts direct input of either AC or DC signals. 

A linear scale of display levels is provided, making the 
M51909P especially suitable for signal meter applications. 

FEATURES 

• Advanced half-wave rectification OP amp built in 

Cut-off frequency 200kHz(typ.) 

Offset voltage 2mV(typ.) 

• Output current can be adjusted with a single resistor 

2~25mA 

• Wide supply voltage range 4~1 5V 

• LEDs are grouped in two's by cascade connection, so 
when all LEDs are driven in parallel, the current required 
is reduced by half 

• Parallel shifting of the LED turn-on voltage is easy with 
the lower ref in pin 

• Advanced half-wave OP amp gain is varied by external . 
resistance 

• Reference voltage terminal for full-scale coordination, 
making it easy to use the M51907P and the M51909P in 
cascade connection to drive more than 8 LEDs 

APPLICATION 

Signal meters, VU meters, and tuning meters. 

RECOMMENDED OPERATING CONDITIONS 

Supply voltage range 4~1 5V 

Rated power supply 9V±10% 



PIN CONFIGURATION (TOP VIEW) 
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16-pin molded plastic DIP 
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REF VOLTAGE 
J. 25V 



— 




REF 
VOLTAGE 
SUPPLY 






OUTPUT 
CURRENT 
SETTING 
CIRCUIT 




REF 
CONSTANT 










CURRENT 
SUPPLY 


^ BUFFER 











LOWER REF I 



NON INV INPUT 

INV INPUT (2) 




HALF-WAVE 
•RECTIFICATION 
IOPAMP 



CURRENT 




CURRENT 




CURRENT 




CURRENT 


SWITCH 




SWITCH 




SWITCH 




SWITCH 



-<i>— -Oa) — (4)- - -^T) — <5o> — Ce>— <t> -<i>— <b- 

AMP OUTPUT 1 OUTPUT 3 OUTPUT 5 OUTPUT 7 
OUTPUT OUTPUT 2 OUTPUT 4 OUTPUT 6 OUTPUT 8 



A MITSUBISHI 
ELECTRIC 



8-27 



MITSUBISHI LINEAR ICs 

M51909P 



8-STEP BAR TYPE LED LEVEL INDICATOR 



ABSOLUTE MAXIMUM RATINGS (T a =25°C, unless otherw.se noted) 



Symbol 


Parameter 


Conditions , 


Ratings 


Unit 


Vcc 


Supply voltage 




16 


V 


BV 0 


Output voltage 




16 


V 


lo 


Output current 




25 


mA 


V, N 


Input voltage 


Input pin to GND 


-3~V CC 


V 




Input differential voltage 


Pin © to pin (2) 


5 


V 


V© 


Pin ® voltage 


Pin ® to GND 


Vcc 


V 


1© 


Pin © input current 




-500 


juA 


I© 


Pin (3) output current 


Static value 


— 1 


mA 


Pd 


Power dissipation 




1600 


mW 


K* 


Thermal derating 


T a ^25°C 


12.8 


mW/°C 


Topr 


Operating temperature 




-20 — h75 


°C 


T stg 


Storage temperature 




-40 — H25 


°C 



ELECTRICAL CHARACTERISTICS (T a =25°C, Vcc=9V, unless otherwise noted) R a d Pm © adjustable resistor 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Mm 


Typ 


Max 


Vcc 


Supply voltage 




4.0 




15.0 


V 


led 


Circuit current 


V©=0V(when all LEDs are off) 
Rad=2.8kQ 




5.0 


8.0 


mA 


'cc2 


Circuit current 


V(j)=2V(when ail LEDs are on) 
Rad=2. 8k Q 
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11.2 


mA 


V,o 


Input offset voltage 


Input voltage V<j)=1 V 




2 


10 


mV 


I.B 


Input bias current 


Input voltage Vro=0V 


-300 


-50 




nA 


V,N 


Input voltage range 




0 




Vcc-2 


V 


Vref 


Reference voltage 


Rad=6-4kQ 


1. 125 


1.250 


1.375 


V 


V© 


Pin ® set voltage 




-0.2 




Vcc-3.5 


V 


I® 


Pin © output current 




-2000 


-50 




nA 


Vthi 


Output 1 threshold voltage 


Amp gam — 1 

Pin © voltage is taken 


136 


156 


177 


mV 


V th 2 


Output 2 threshold voltage 


276 


313 


349 


mV 


V t h3 


Output 3 threshold voltage 


417 


469 


521 


mV 


V t h4 


Output 4 threshold voltage 


558 


625 


693 


mV 


V th 5 


Output 5 threshold voltage 


698 


781 


864 


mV 


Vth6 


Output 6 threshold voltage 


839 


938 


1036 


mV 


Vth7 


Output 7 threshold voltage 


979 


1094 


1208 


mV 


V th 8 


Output 8 threshold voltage 


1120 


1250 


1380 


mV 


loL 


Output leak current 






1 


juA 


lo 


Output current 


Rad=6. 4kQ 


9.6 


12 


14.4 


mA 


lo' 


Output current 


Rad=2. 8kQ 


20 


25 


30 


mA 


VsAT 


Output saturation voltage 


Rad=2. 8kQ 
lo=12. 5mA 






500 


mV 
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TYPICAL CHARACTERISTICS (T a =25°C, unless otherwise noted) 
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APPLICATION EXAMPLES 
(1) AC INPUT 



(2) DC INPUT 
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Rad^ Resistance determining LED current 

(See OUTPUT CURRENT VS. PIN © ADJUSTABLE RESISTOR graph) 



OPERATION 

The AC signal applied through the coupling capacitor 
C c is rectified and amplified mainly with the GND vol- 
tage and output at Pin (3). The voltage at Pin (D com- 
pared with the reference voltage 'at Pin © (internal re- 
ference voltage 1.25V divided on a logarithmic scale), 
and the resultant comparator output drives the LEDs. 

Note 1. Amp gain 

Rs+Rf 
Rs 

The peak value is output at Pin (D, so when this is a 
sine wave, a DC voltage of approximately 1.4 times, 
the rms value is output. 
Note 2. Select the value of C F according to the recovery 
time. 

Recovery time: C F X(R S +Rf) 
Attack time: C F X460Q 
Note 3. LED current 
Pin ® adjustable resistor determines the LED current. 
(See the OUTPUT CURRENT VS. PIN © ADJUST- 
ABLE RESISTOR graph) 
Note 4. When less than 8 LEDs are used, proceed as 
follows. 



2. When #2 LED is not used. 
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3. When #1 and #2 LEDs are not used: 
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1. Wheh # 1 LED is not used: 
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4. When any of LEDs #3 to #8 are not used: 

When an even-numbered LED is not used, follow the 
procedure given for LED # 2, and when an odd-num- 
bered LED is not used, follow that for LED #3. 

Vcc 
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** 1 q«» & 
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(3) Cascade connection 



^#11 A#13 ^#15 



IN _ 
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2) (3) (15) ($) (4) (9) 

Rad 




(4) 32-step drive circuit 




Note 1. Use a resistor with R greater than 100kQ. 
Note 2. The circuit above works best when V cc 

is greater than 6V. 
Note 3. Adjust the LED drive current by adjusting R ac j 
Note 4. Select C F for the desired recovery time. 

Time constants~C F (Rf+10k) 



Note 5. Ci and C 2 stop oscillation. 

The recovery time must be extended so that 
the following relation holds between charge 
resistors R L i and R L 2 for Ci and C2. 



(5) Fixed reference bias DC input 



x#1 



@* 5 d) #7 

,#4 ^ #8 



.#1 



#2 



<t) #3 & 




DC IN 



#4 



,#5 
^6 



» #7 
N#8 



-OVcc 



M51909P 



Rs|Rfj 

Rad 




BIAS "Cp 



R -j- Rf 

Display is given by the formula V, N X— ^ V B i A s Display is given by the formula (V, N — V B ias)X 



Rs+Rf 
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(6) All LEDs light at minimum- voltage input signal, and 
the LEDs are extinguished as the input voltage in- 
creases 

Vcc 

-O 



($) #1 ty* 3 <^* 5 



,^# 2 ,^? 4 
' I *v©n aCh ^Bn 

@@(jj)@(8)(7)(6)(5)(j4) 




Display follows the formula: 

1.25(V)XR ad 2 x(l , Rf ) X _?L_ V 
nadiT-Kad2 K s "s 

Note LED drive voltage is determined by Radi + Rad2 



(7) Different color LEDs (when different drive currents 
are desired for the LEDs) 

Select Pin © adjustable resistor for connection to the 
LED that requires the maximum drive current. Then con- 
nect resistors in parallel to the remaining LEDs using 
reduced current. 

For example, to reduce the current for LEDs #6, #7, 
and #8, use the following arrangement. 




The currents flowing through each of the LEDs in the 
above circuit configuration are given by the following 
formulas. 

For LEDs #1~#5 



-60X 



Rad 



For LED #6 
Ledb — 60X" 

For LED #7 
'ledc — 60X 

For LED #8 



V (JS) V F6_, VF6 
— I ■ ■ — - 



Rad R6 



R 6 



Rad R7 



VF7 
R 7 



-60X 



Rad Rs LEDA Rs 
V®, Pin © voltage, is 1.25V and V F 6, V F 7, and V F 8 are 
the forward voltage drips for LEDs #6, #7, and #8 re- 
spectively. 

The M51907P is designed so that the temper- 
ature-dependency of the voltage at Pin © is very low. 
The LED forward voltage drop, only —2 to — 2.5mV/°C, 
also has a relatively low temperature dependence. 
These design features make it possible to accurately 
set the current flowing through each LED. 

(8) High supply voltage produces high output currents 

The relation between the allowable output current and 
the maximum voltage at the output terminal is deter- 
mined by the thermal derating curve. (See the ALLOW- 
ABLE OUTPUT CURRENT VS. OUTPUT TERMINAL 
MAXIMUM VOLTAGE graph) 

Therefore, if the user wants a high supply voltage to 
produce high output currents, the following circuit con- 
figuration can be used, but the output terminal voltage 
must be low. 




A realistic design involves taking the required output 
current (LED current: I led ) as the allowable maximum 
output current, and then determining the corresponding 
output terminal maximum voltage V 0 max from the 
ALLOWABLE OUTPUT CURRENT VS. OUTPUT TER- 
MINAL MAX VOLTAGE graph. Then if the maximum 
value for the supply voltage is V C c max. the value of R(j 
has to be determined to satisfy the relation 4'l|_ED*Rd> 
Vcc max - Vq max- 
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(9) Thermometer 

This application example makes use of the Sj diode's 
temperature sensing characteristics. A thermistor can 
be used in exactly the same way. Also, a CdS can be 
used to create a lux meter. 




(10) Adjusting LED brightness with respect to the sur- 
rounding light 

Rd V cc 



<^ #1 « #3 ®* 7 
(j^(lg^<ig(8)(7)(6)(5)^ 



-AAAr- 




The LED current is determined by R a d+ Reds- 



Note 1. The values of VR and Ri connected to Pin (fij) 
determine the LED brightness 

If Vf is the temperature sensing diode forward voltage 
drop then the following relation holds 

l LED ~60X(-^+^YL) 

|-l VR 

Note 2. The VR setting determines the range of temperature 
desired on the display. 

Note 3. The values of R s and Rf determine how many degrees 
rise in temperature constitutes one display step The 
diode has a temperature coefficient of approximately 
— 2mV/°C To advance display one step in one 
direction requires around 156mV For example, if one 
step is to be set at 1°C, then Rf/R S =N : 78. 
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DESCRIPTION 

The M51911L is a semiconductor integrated circuit de- 
signed for LED level meters. It drives a bar-type input-level 
display for up to 6 LEDs. With its built-in advanced half- 
wave rectification operational amplifier, the M51911L 
accepts direct input of either AC or DC signals. Output is 
provided for the LEDs grouped in two's by cascade connec- 
tion, drastically reducting power consumption. 

The logarithmic scale of 3, 0 —3, —7, — 12, and — 18dB 
display levels makes this device ideal for VU meter applica- 
tions. 

FEATURES 

• Advanced half-wave rectification OP amp built in 

Cut-off frequency 200kHz(typ.) 

Offset voltage 2mV(typ.) 

• Output current is determined by internal circuits, reducing 
the number of attachments 13mA(typ.) 

• The internal reference voltage threshold value for the 
supply voltage is only slightly affected by temperature 

1.25V(typ.) 

• Wide supply voltage range 4~15V 

• Advanced half-wave OP amp gain is set internally 

17dB(typ.) 

APPLICATION 

Signal meters, VU meters, and tuning meters, and other 
general display applications. 



PIN CONFIGURATION (TOP VIEW) 



]0| Vcc 

|] AMP INPUT 
8] AMP OUTPUT 

7]gnd 

6] OUTPUT 6 
5] OUTPUT 5 
T\ OUTPUT 4 
T| OUTPUT 3 
T] OUTPUT 2 
T] OUTPUT 1 





REMONNECDED OPERATING CONDITIONS 

Supply voltage range 4~15V 

Rated power supply 9V±10% 



10-pin molded plastic SIP 
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ABSOLUTE MAXIMUM RATINGS (T a =25°C, unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


V CC 


Supply voltage 




16 


V 


BV 0 


Output voltage 




16 


V 


V, N 


Input voltage 


Pin (D— GND 


-2~V CC 


V 


1® 


Pin (D output current 




-1 


mA 


v® 


Pin (8) output voltage 


Pin (D— GND 


6 


V 


Pd 


Power dissipation 




1100 


mW 




Thermal derating 


T a ^25°C 


8.8 


mW/t 


Topr 


Operating temperature 




-20 — f-75 


°C 


T stg 


Storage temperature 




•-40 — H25 


°C 



ELECTRICAL CHARACTERISTICS (T a =25°C, V CC =9V, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Mm 


Typ 


Max 


Vcc 


Supply voltage 




4.0 




15.0 


V 


'cd 


Circuit current 


V(D=0V (when all LEDs are off) 




3.5 


5.6 


mA 


'CC2 


Circuit current 


V(D=200mV (when all LEDs are on) 




4.0 


6.4 


mA 


I.B 


Input bias current 


V(D=0V 


-500 


-150 




nA 


A v 


Input amp gain 






17 




dB 


Vthi 


Output 1 threshold voltage 




6.3 


11.2 


16.8 


mVrms 




-23 


-18 


-14.5 


dB 


V th 2 


Output 2 threshold voltage 




16.8 


22.5 


28.3 


mVrms 




— 14.5 


-12 


-10 


dB 


V t h3 


Output 3 threshold voltage 




33.7 


40 


47.6 


mVrms 


Amp gain=17dB 


-8.5 


-7 


—5.5 


dB 


V t h4 


Output 4 threshold voltage 


Pin (D— GND 


56.6 


63.5 


71.3 


mVrms 




-4 


-3 


-2 


dB 


V th 5 


Output 5 threshold voltage 




79.9 


89.7 


100.6 


mVrms 




-1 


0 


+1 


dB 


V th 6 


Output 6 threshold voltage- 




112.9 


126.6 


142.2 


mVrms 




+2 


+3 


+4 


dB 


lo 


Output current 




8 


13 


20 


mA 




Output leak current 


Output voltage=V C c 






1 


juA 


R® 


Pin (D adjustable resistor 


V®=0. 3V 


9 


14 


19 





TYPICAL CHARACTERISTICS (T a =25C, unless otherwise noted) 



THERMAL DERATING (MAXIMUM RATING) 

1250 



Z 

g 
i- 
< 

£L 
C/) 
</) 

Q 

DC 
HI 

O 



1000 




250 



0 25 50 75 100 125 
AMBIENT TEMPERATURE T a (°C) 



CIRCUIT CURRENT VS. SUPPLY VOLTAGE 



z 

LLI 
DC 
DC 
D 
O 

D 

O 
QC 

o 



4 8 12 16 

SUPPLY VOLTAGE V cc (V) 



20 
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HALF-WAVE RECTIFIER OP AMP 
VOLTAGE GAIN VS. INPUT FREQUENCY 



25 



< 



w 10 





I 

V 
V 


I! 

cc : 

IN = 


=c 

=1( 


I 

)V 
DOi 


T 


l\ 


/ 


m 


s 























































































































































































































































































































100 1k 10k 100k 1M 10M 
INPUT FREQUENCY F, N (Hz) 



OUTPUT CURRENT VS. OUTPUT VOLTAGE 



3 20 
o 



D 
O 
H 



o 



Vcc= 


=9V 

















































0 4 8 12 16 20 

OUTPUT VOLTAGE V Q (V) 



UJ > 

O E 

< — 

O > 

> 

Q 



THRESHOLD VOLTAGE OF EACH 
OUTPUT VS. SUPPLY VOLTAGE 



150 
120 
90 
60 
30 









- " 1 


the 
























Vth4 










tha 

h 






V 

1 










th2 
thi 






v 






v 



0 4 8 12 



16 



20 



SUPPLY VOLTAGE V c 



(V) 



THRESHOLD VOLTAGE OF EACH 
OUTPUT VS. AMBIENT TEMPERATURE 



H 
D 
Q_ 
I- 
D 

o 
I 
o 
< 

LU ^ 
to 

M 

UJ c 

(D 3 
> 



o 
I 

UJ 

oc 
I 



150 



120 



90 



60 



30 



Vcc : 


=9V 














































vth5 

V t h4 














Ah3 










1 














B £ 




















.._ J 



-40 —20 0 20 40 60 80 100 



AMBIENT TEMPERATURE T a ("C) 



APPLICATION EXAMPLES 
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(3) Less than six LEDs are required 

1 . When LED # 1 is not used: 



Pin CD open 



l#2(f) #3 (t) 
.#4 



#5 



,#6 



(p (p (p (j) (5) (6) (jQ) 



M51911L 



2. When LED #2 is not used: 



<$> #1 $ 



Short 

pins CD and (1) 



#2 



v#3 



#4 



(j) (p (j) (4) (5) (6) (fe 



M51911L 

3. When #1 and #2 LEDs are not used: 



Pins © and 
open 



GET 

(ft (*) (3) j) (5) (6) (fe 



#5 



M51911L 



Vcc 

-o 



Vcc 

-o 



Vcc 

-o 



4. When any of LEDs #3 to #6 are not used: 
When an even-numbered LED is not used, follow the 
procedure given for LED # 2, and when an odd-num- 
bered LED is not used, follow that for LED #3. 



.#1 



v#2 



,#3 



v#4 



#5 



(ft (ft (ft (4) (ft (6) (fe 



-o 



M51911L 



PRECAUTIONS 

1. Output current determined by internal circuit •••• 13mA 

2. Amp gain is set by internal resistor 17dB 

3. Recovery time: C F Xl4kQ 

4. Attack time: C F X430Q 
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DESCRIPTION 

The M51912L is a semiconductor integrated circuit de- 
signed for LED level meters. It drives a bar-type input-level 
display for up to 6 LEDs. With its built-in advanced half- 
wave rectification operational amplifier, the N/151 91 2L 
accepts direct input of either AC or DC signals. Output is 
provided for the LEDs grouped in two's by cascade connec- 
tion, drastically reducing power consumption. 

The M51912L provides linear-scale display levels, just 
right for signal meter applications. 

FEATURES 

• Advanced half-wave rectification OP amp built in 

Cut-off frequency 200kHz(typ.) 

Offset voltage 2mV(typ.) 

• Output current is set internally, reducing the number of 
attachments 13mA(typ.) 

• The internal reference voltage threshold value for the 
supply voltage is only slightly affected by temperature 

1.25V(typ.) 

• Wide supply voltage range 4~15V 

• Advanced half-wave OP amp gain is set by internal 
resistor 17dB(typ.) 



PIN CONFIGURATION (TOP VIEW) 






To] v cc 






T\ AMP INPUT 






j[] AMP OUTPUT 




I912L 


T|gnd 

J] OUTPUT 6 




M51 


J] OUTPUT 5 
T] OUTPUT 4 
T| OUTPUT 3 
2] OUTPUT 2 
T] OUTPUT 1 









APPLICATION 

Signal meters, VU meters, and tuning meters, and other 
general display applications. 

RECOMMENDED OPERATING CONDITIONS 

Supply voltage range 4~15V 

Rated power supply 9V±10% 




10-pin molded plastic SIP 



BLOCK DIAGRAM 



AMP INPUT (9 




GND 



AMP OUTPUT 1 OUTPUT 3 OUTPUT 5 
OUTPUT OUTPUT 2 OUTPUT 4 OUTPUT 6 
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ABSOLUTE MAXIMUM RATINGS (T a =25°C, unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


Vcc 


Supply voltage 




16 


V 


BV 0 


Output voltage 




16 


V 


V IN 


Input voltage 


Pin (D— GND 


-2~V CC 


V 


1® 


Pin (D output current 




-1 


mA 


v® 


Pin (D output voltage 


Pin (D— GND 


6 


V 


Pd 


Power dissipation 




1100 


mW 


K e 


Thermal derating 


T a ^25°C 


8.8 


mW/°C 


Topr 


Operating temperature 




—20 — h75 


°C 


Tstg 


Storage temperature 




-40 — H25 


°C 



ELECTRICAL CHARACTERISTICS (T a =25°C, V CC =9V, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


Vcc 


Supply voltage 




4.0 




15.0 


V 


led 


Circuit current 


V®=0V (when all LEDs are off) 




3.5 


5.6 


mA 


'CC2 


Circuit current 


V(D=200mV (when all LEDs are on) 




4.0 


6.4 


mA 


I.B 


Input bias current 


V®=0V 


-500 


-150 




nA 


A v 


Input amp gain 






17 




dB 


Vthi 


Output 1 threshold voltage 


Amp gain=17dB 
Pin (D— GND 


22 


29 


36 


mV 


V t h2 


Output 2 threshold voltage 


49 


59 


69 


mV 


V th 3 


Output 3 threshold voltage 


75 


89 


*103 


mV 


V th 4 


Output 4 threshold voltage 


*102 


119 


*136 


mV 


V th 5 


Output 5 threshold voltage 


*128 


149 


*170 


mV 


V th 6 


Output 6 threshold voltage 


*153 


179 


205 


mV 


lo 


Output current 




8 


13 


20 


mA 


'OL 


Output leak current 


Output voltage=V C c 






1 




R® 


Pin (D adjustable resistor 




9 


14 


19 


kQ 



* : Over-wrap for the IC package is not provided. 



TYPICAL CHARACTERISTICS (T a =25°C, unless otherwise noted) 



THERMAL DERATING (MAXIMUM RATING) 

1250 



CIRCUIT CURRENT VS. SUPPLY VOLTAGE 



z 
o 
h- 
< 

Q. 



O 

QC 
LU 

o 

0- 



1000 



750 



500 



250 




50 75 1 00 
AMBIENT TEMPERATURE T a 



125 

CO 



< 
E 

- 4 



z 

111 

QC 
DC 
D 
O 

D 

O 
QC 

o 



4 8 12 

SUPPLY VOLTAGE 



16 

Vcc (V) 



20 
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HALF-WAVE RECTIFIER OP AMP 
VOLTAGE GAIN VS. INPUT FREQUENCY OUTPUT CURRENT VS. OUTPUT VOLTAGE 




INPUT FREQUENCY F, N (Hz) OUTPUT VOLTAGE V Q (V) 



THRESHOLD VOLTAGE OF EACH 
OUTPUT VS. SUPPLY VOLTAGE 



200 



o 

X 160 
< 

LU 

0> 120 
LU E 
CD ~ 

< £ 

j > 80' 

O 

> 

3 60 

o 
I 

CO 

m ol 

I 
I- 



■Vthe 



-V th5 

-V th4 - 

-V th3 



-V th2 



-V th i 



0 4 8 12 16 20 

SUPPLY VOLTAGE V cc (V) 



D 
0. 
f- 
D 

o 
I 
o 
< 

LU 
LL 

o> 

LU e 

Si 

o 
> 

Q 
_J 
O 
I 

CO 
LU 
CC 
X 

\- 



THRESHOLD VOLTAGE OF EACH 
OUTPUT VS. AMBIENT TEMPERATURE 

200 



160 



120 



80 



40 













V C c= 


=9V 
/the 










\ 

—I 














Ah5 

Ah4— 

'ths 






















\ 






















\ 


/th2 


































'ini 
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AMBIENT TEMPERATURE T a (°C) 



APPLICATION EXAMPLES 
(1) AC INPUT 



AC IN + 




(2) DC INPUT 



DC IN 




®* 3 (SD* 5 

, -ft* 2 ,Hft? 4 ,J&? 6 

<h iCh (>i Cn ^Cn 

(j) (2) ^ Q ^ ^ ^ 



M51912L 



+ 
T C F 



Vcc 

-o 
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(3) Less than six LEDs are required 

1. When LED #1 is not used: 



l#2(t> #3 <$)* 
($) ^#4 ^#6 

Pin 0 open y <>-^h '^h 

(p (f) (3) (4) (5) (6) 



M51912L 



2. When LED #2 is not used: 



Short 

pins © and ( 



#2 
v#3 



#4 



#5 



(ft (|) (3) (4) (5) (6) ffi 



M51912L 



3. When #1 and #2 LEDs are not used: 



i#3 X#5 
Pins © and (D Q P 

open I ^#4 T_#6 



(ft (2) (3) (4) (5) (6) 0 



M51912L 



Vcc 

-o 



Vcc 



Vcc 

■— o 



4. When any of LEDs #3 to #6 are not used: 
When an even-numbered LED is not used, follow the 
procedure given for LED # 2, and when an odd-num- 
bered LED is not used, follow that for LED #3. 



#1 



v#2 



<$>* 3 <t> 



#4 



.#5 



(j) (2) (3) (4) (5) (6) ffi 



-O 



M51912L 



PRECAUTIONS 

1 . Output current is determined by internal circuit 



2. Amp gain is set by internal resistor 

3. Recovery time: C F Xl4kQ 

4. Attack time: C F X430Q 



•13mA 
•17dB 
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INDEX BY FUNCTION OF TRANSISTOR ARRAYS 



QUICK REFERENCE TABLE OF TRANSISTOR ARRAY SERIES 





Input/output 


No, of 




Output current(mA) 


Withstand voltage(V) 


Output type 






No. 


type 


cir- 


Type No. 


1 _ 5/^ 


500 


Less 
150 


80 


50 


40 


20 


Darl- 


Low 


CD 


Remarks 




Input 


Output 


cuits 




-300 


ington 


saturation 














M54512L 






o 








o 




o 












4 


M54532L 


o 








o 






O 




o 












M54594P* 


o 






■ 








■ 




■ 


Sprague ULN2065B 










M54595P* 


o 






■ 








■ 




■ 


Sprague ULN2067B 








5 


M54516P.521P 




o 










o 


o 














M54529AP.529P 




o 










o 




o 














M54533P, 534P, 539P, 578P 




o 










o 




o 


o 










6 


M54527P 






o 






o 




o 




o 












M54571 P 




o 








o 






o 


o 






> 


c 
w 




M5451 4AP, 51 5P, 577P, 577FP 






50 








o 




o 




Output withstand voltage 
Up to V C c for the 
535P, 536P 


1 


o 

CO 


c 

CD 




M54537P,535P,536P 




o 










o 










X 


D 


7 


M54517P.519P 




o 








o 


o 












o 


M54528P 






o 






o 


















M54523P.524P, 525P, 526P, 




o 






o- 






o 




o 


Sprague ULN2000A series 










M54530P,531P 




o 








o 




o 




o 












M54513P 






o 






o 






o 














M54538P 




o 










o 




o 














M54522P 




o 








o 




o 




o 










8 


M54585P* 




■ 






■ 






■ 




■ 


Sprague ULN2803A 










M54584P* 




■ 










■ 








8-unit version of the 537P 










M54590P, 591 P, 592P, 593 P** 




















■ 


Sprague ULN2823A, 2821 A 
ULN2822A,2824A 






Durce 




M54562P.563P 




o 






o 






o 




o 


Sprague ULN2981 A,2982A 


2 


"H" 


8 


M54564P 




o 






o 






o 






Changed from DC to R of the 562P 






CO 




M54597P,598P* 




■ 




■ 








■ 




■ 


Sprague ULN2983A, 2984 A 










M54567P 


o 








o 






o 




o 


Toshiba TD62308AP 








4 


M54596P* 


■ 






■ 








■ 




■ 


Toshiba TD62308BP 










M54661 P 


■ 






■ 








■ 




■ 


Tokyo Sanyo LB1 205 


3 


"L" 


c 

<S) 


7 


M54576P,576FP 






50 








o 




o 










M54566P 




o 






o 






o 






Toshiba TD62305AP 








8 


M54565P 






o 








o 




o 














M54583P* 




o 






o 






o 






8-unit version of the 566P 








4 


M54568L 






30 








o 




o 












7 


M54560P,561P 






o 






o 




o 




o 




4 


"L" 


0 
O 


M54580P 






o 




o 






o 








D 
0 
CO 




M54581 P 




o 






o 






o 




o 


Sprague UDN2580A 






8 


M54586P* 




■ 






■ 






■ 






Changed from CD to R of the 581 P 










M54660P* 




■ 




■ 








■ 




■ 


Sprague UDN2580A-1 



*: New products, **: Under development, O: Current product, ■: New and under-development product 
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A MITSUBISHI 
ELECTRIC 



MITSUBISHI BIPOLAR DIGITAL ICs 

M54512L 

4-UNIT 50mA TRANSISTOR ARRAY 



DESCRIPTION 

The M54512L, 4-chanrlel sink driver, consists of four NPN 
transistors, and designed for use in medium-current switch- 
ing applications. 

FEATURES 

• Output breakdown voltage to 20V 

• 50mA output sink current capability 

• Wide operating temperature range (T a =—20 — h75°C ) 

APPLICATION 

LED or incandescent display driver 

FUNCTION 

The M54512L is comprised of four NPN transistors with a 
10kfl series input resistor, connected to form dual 2-parallel 
output drivers. All emitters of transistors are connected 
together to pin 2. The substrate is connected to pin 5 and 
pin 5 must be tied to the most negative point in the external 
circuit. The drivers are capable of sinking 50mA and will 
withstand 20V in the OFF state. 



PIN CONFIGURATION (TOP VIEW) 






8] - C 4 OUTPUT 






7] - B, INPUT 






T] - C 3 OUTPUT 




_i 


J] SUB 










in 


T| - B 2 INPUT 






T] - C 2 OUTPUT 






H E 






7) - d OUTPUT 


Outline 8P5 




CIRCUIT SCHEMATIC 

Ci c 4 



c, 



E O- 




Unit : n 



8-pin molded plastic SIP 



ABSOLUTE MAXIMUM RATINGS (T a =25°C, unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


Vceo 


Output sustaining voltage 


Transistor OFF 


-0. 5 — h20 


V 


V EBO 


Emitter-base sustaining voltage 




4 


V 


'c 


Collector current 


Transistor ON 


50 


mA 


v, 


Input voltage 




20 


V 


Pd 


Power dissipation 


T a =75°C 


500 


mW 


T opr 


Operating ambient temperature range 




-10 — h75 


°C 


Tsta 


Storage temperature range 




-55 — H25 


°C 



RECOMMENDED OPERATING CONDITIONS T a =25C, unless otherwise noted) 



Symbol 


Parameter 


Limits 


Unit 


Min 


Typ 


Max 


V c 


Output voltage 


0 




18 


V 


lc 


Collector current per channel 


0 




20 


mA 


V 1H 


"H" Input voltage 


l c =30mA 


11 




18 


V 


V, L 


"L" Input voltage 




0 




0.2 


V 



A MITSUBISHI 
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MITSUBISHI BIPOLAR DIGITAL ICs 

M54512L 



4-UNIT 50mA TRANSISTOR ARRAY 



ELECTRICAL CHARACTERISTICS (T a =25°C, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


'odeak) 


Output leakage current 


V CE =20V 






20 


MA 


VcE(sat) 


Output saturation voltage 


l B = 2 mA 


l c =10mA 




0. 02 


0.1 


V 


l c =20mA 




0. 04 


0.2 


V 


BV EBO 


Emitter-base sustaining voltage 


l EBO =150^A 


4 






V 


V, 


Input voltage 


l B = 2 mA 


4 


11 


18 


V 




DC forward current gain 


V CE = 6 V, l c =20mA, T a =25°C 


60 


150 







TYPICAL CHARACTERISTICS 



cc 
o 



O 
O 



OUTPUT CURRENT 

CHARACTERISTICS 



3 



8 10 















/ 

/ 








Vce = 


=4V 






-f 


I i 








I a = /D"^ 

T a =25^C 




u 


i 
i 
i 












T a =" 


-20x: 






l 
/ 
/ 
















/ 


1 t 


i — 


















f — t 




































-i 























































0.5 1 0 1.5 

INPUT VOLTAGE V,(V) 



< 



O 
Q 



DC CURRENT GAIN 

CHARACTERISTICS 





















































































































































































































































































f 


























/ 
















V CE = 


6V 
























T a =75°C - 
























i =25°C 










































T, 


i =-zoc 









































































1 

0.1 3 5 7 1 3 5 7 10 3 5 7100 

COLLECTOR CURRENT l c (mA) 



OUTPUT CHARACTERISTICS 




0 10 20 30 40 50 



OUTPUT SATURATION VOLTAGE V CE(Sa t)(mV) 
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A MITSUBISHI 
ELECTRIC 



MITSUBISHI BIPOLAR DIGITAL ICs 

M54532P 

4-UNIT 1.5A DARLINGTON TRANSISTOR ARRAY WITH CLAMP DIODE 



DESCRIPTION 

The M54532P, 4-channel sink driver, consists of 8 NPN tran- 
sistors connected to form high current gain driver pairs. 

FEATURES 

• High output sustaining voltage to 50V 

• High output sink current to 1 . 5A 

• Integral diodes for transient suppression 

• Wide operating temperature range (T a =—20 — h75°C ) 

APPLICATION 

Relay and printer driver, Display driver 

FUNCTION 

The M54532P is comprised of eight NPN darlington driver 
pairs with 340 CI series input resistors. Each output has a 
diode for inductive load transient suppression and the 
cathodes of the diodes are connected to pin 8 . The outputs 
are capable of sinking 1.5A and will withstand 50V in the 
OFF state. 




16-pin molded plastic DIP 



PIN CONFIGURATION (TOP VIEW) 



OUTPUT 01 
INPUT IN 1 - 



GND 
INPUT IN 2- 
OUTPUT 02* 



COMMON COM-*|T- 

E 

E-^ 

GND (T 

E 

E- 

COMMON COM |T- 



TU NC 

j5j _,04 OUTPUT 
o<^-TJ] «-IN4 INPUT 
n\ GND 
j2] GND 
o<^J-TT) — |N3 INPUT 
jo]-* 0 3 OUTPUT 
T] NC 



Outline 16P4 



NC : NO CONNECTION 



CIRCUIT SCHEMATIC 



INPUT c 



-►Ht-oCOM 



-}-o OUTPUT 



>5.5k 


- S 




3k 







K t i 



kjGND 



Unit : n 



ABSOLUTE MAXIMUM RATINGS (T a =-20~+75 o C, unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


Vceo 


Output sustaining voltage 


Transistor OFF 


-0. 5 h50 


V 


lc 


Collector current 


Transistor ON 


1.5 


A 


V, 


Input voltage 




10 


V 


'f(D) 


Clamp diode forward current 




1.5 


A 




1.25 


A 


Vr ( d) 


Clamp diode reverse voltage 




50 


V 


Pd 


Power dissipation 


T a =25°C 


1.92 


W 


T opr 


Operating ambient temperature range 




— 20—+75 


°C 


T sta 


Storage temperature range 




-55 — H25 


°C 
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MITSUBISHI BIPOLAR DIGITAL ICs 

M54532P 



4-UNIT 1.5A DARLINGTON TRANSISTOR ARRAY WITH CLAMP DIODE 



RECOMMENDED OPERATIONAL CONDITIONS (T a =-20~+75'C, unless otherwise noted) 



Symbol 


Parameter 


Limits 


Unit 


Min 


Typ 


Max 


Vo 


Output voltage 


0 




50 


V 


lc 


Collector current 
per channel 


Percent duty cycle 
less than ^% 


0 




1.25 


A 


Percent duty cycle 
less than 18% 


0 




700 


mA 


V,h 


"H" Input voltage 


l c =1.25A 


3 




6 


V 


V, L 


"L" Input voltage 


lodeak)=50M 


0 




0.4 


V 



ELECTRICAL CHARACTERISTICS (T a =-20~+75°C, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ* 


Max 


V(BR)CEO 


Output sustaining voltage 


l CE o=100/M 


50 






V 


v cE(sat) 


Output saturation voltage 


l,=2mA 


l c =1.25A 




1.3 


2.2 


V 


l c =700mA 




1.1 


1.7 




Input current 


V,=3V 




5 


8.5 


mA 


V F 


Clamp diode forward voltage 


l F =1.25A 




1.6 


2.3 


V 


v R 


Clamp diode reverse voltage 


l R =100>A 


50 






V 


h FE 


DC forward current gain 


V CE =4V, l c =1A, T a =25°C 


800 


7000 







* : A typical value is at T a =25°C 



TYPICAL CHARACTERISTICS 



ALLOWABLE AVERAGE 

POWER DISSIPATION 




o 
\- 
o 



o 
o 



OUTPUT CURRENT 

CHARACTERISTICS 















































V CE 


=4V 






f 

U 














5°C 
5°C 
20°C 
















7 


a — * 
a =- 
































































































L_ 






/ 


/ 









AMBIENT TEMPERATURE T a (°C) 



0 0.5 1.0 1 5 2.0 

INPUT VOLTAGE V,(V) 
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A MITSUBISHI 
ELECTRIC 



MITSUBISHI BIPOLAR DIGITAL ICs 

M54532P 



4-UNIT 1.5A DARLINGTON TRANSISTOR ARRAY WITH CLAMP DIODE 



D 
O 

O 



O 

o 



ALLOWABLE COLLECTOR CURRENT 
AS A FUNCTION OF DUTY CYCLE 



H 1 1 1 1 1 1 1 1 — 

• The current is shown by the value per output 

• Repetitive Frequency ^TOHz I I 



• The number in O is the number of outputs 
conducting simultaneously 




® 

20 40 60 80 100 

DUTY CYCLE (%) 



DC 
CC 
ID 
O 
DC 
O 



o 
o 



ALLOWABLE COLLECTOR CURRENT 
AS A FUNCTION OF DUTY CYCLE 



1 I I I I I I I I 

• The current is shown by the value per output 

• Repetitive Frequency > IQHz I | { 



• The number in O is the number of outputs 
conducting simultaneously 




DUTY CYCLE (%) 



INPUT CHARACTERISTICS 



ZD 
0- 
Z 



















/ 


'/ 
















/> 


/ 


/— 














// 




















ft 


,** 
















J*' 












































— i 

T 


a =7 
a =2 
a =- 


5°C 
5°C 
20°C 
















T 
























JT4 



















DC CURRENT GAIN 

CHARACTERISTICS 



10* 



10 3 



10 2 t 































































































































































































































































<] 




























'A 












4V 

=■3 


























+ii ? E ~~ 

T- 
























=25°C " 
















Ta 




/ 












- T a =-20°C 

































INPUT VOLTAGE V,(V) 



10 1 3 5 7 10* 3 5 7 10 3 3 5 7 10 4 
COLLECTOR CURRENT l c (A) 
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ELECTRIC 



9-7 



MITSUBISHI BIPOLAR DIGITAL ICs 



M54516P 



5-UNIT 500mA DARLINGTON TRANSISTOR ARRAY 



DESCRIPTION 

The M54516P, 5-channel sink driver, consists of 10 NPN tran- 
sistors connected to form five high current gain driver pairs. 

FEATURES 

• Output sustaining voltage to 25 V 

• High output sink current to 500mA 

• PMOS Compatible input 

• Wide operating temperature range (T3 = —20 — (-75°C ) 

APPLICATION 

Relay and printer driver, LED or incandescent display 
digit driver, Interfacing for standard MOS/BIPOLAR 
logics. 

FUNCTION 

The M54516P is comprised of five NPN darlington driver 
pairs with 20k O series input resistors. All emitter and the 
substrate are connected together to pin 7. The output are 
capable of sinking 500mA and will withstand 25V in the OFF 
state. 




14-pin molded plastic DIP 



PIN CONFIGURATION (TOP VIEW) 



INPUTS 



NC |T 



INI -H 



IN2 — |T 




{> — 2H— o 2 




OUTPUTS 



Outline 14P4 



NC : NO CONNECTION 



CIRCUIT SCHEMATIC 



20k 

INPUT O VW- 



-O OUTPUT 



; 20k 



-o GND 



unit : n 



ABSOLUTE MAXIMUM RATINGS (T a =-20~+75 o C, unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


Vceo 


Output sustaining voltage 


Transistor OFF 


-0. 5 — h25 


V 


lc 


Collector current 


Transistor ON 


500 


mA 


V, 


Input voltage 




25 


V 


Pd 


Power dissipation 


T a =25°C 


1.47 


W 


T opr 


Operating ambient temperature range 




-20-+75 


°C 


Tstq 


Storage temperature range 




-55 — 1-125 
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A MITSUBISHI 
ELECTRIC 



MITSUBISHI BIPOLAR DIGITAL ICs 

M54516P 



5-UNIT 500mA DARLINGTON TRANSISTOR ARRAY 



RECOMMENDED OPERATIONAL CONDITIONS (T a =-20~+75C unless otherwise noted) 



Symbol 


Parameter 


Limits 


Unit 


Min 


Typ 


Max 


V 0 


Output voltage 


0 




25 


V 


•c 


Collector current 
per channel 


Percent duty cycle 

less than 10% 


0 




400 


mA 


Percent duty cycle 

less than 55% 


0 




200 


V,H 


"H" Input voltage 


l c =400mA 


8 




20 


V 


l c =200mA 


5 




20 


V, L 


"L" Input voltage 


lo<leak)=50M 


0 




0.5 


V 



ELECTRICAL CHARACTERISTICS (T a =-20~+75°C, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


V(BR)CEO 


Output sustaining voltage 


Iceo=100M 


25 






V 


VcE<sat) 


Output saturation voltage 


V,=8V, l c =400mA 




1.15 


2.2 


V 


V,=5V, l c = 200mA 




0. 95 


1.4 


1. 


Input current 


V,=17V 




0.8 


1.8 


mA 




DC forward current gain 


V C e=4V, l c =400mA, T a =25°C 


1000 


4000 







* : A typical value is at T a =25°C. 



TYPICAL CHARACTERISTICS 



ALLOWABLE AVERAGE 

POWER DISSIPATION 




o 
o 



OUTPUT CURRENT 

CHARACTERISTICS 



< 

J. 400 



D 
O 

cc 
O 















i 


il 










VcE 

— T 


=4V 








/ 
/ 

-4— 










a=75°C 






\ 
1 










— T 

— T 


a = -20°C 






1 
1 
















I 




1 

I 
f 
















1 




I 
















1 






























































—r 









AMBIENT TEMPERATURE T a (°C) 



INPUT VOLTAGE V,(V) 
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MITSUBISHI BIPOLAR DIGITAL ICs 

M54516P 



5-UNIT 500mA DARLINGTON TRANSISTOR ARRAY 



ALLOWABLE COLLECTOR CURRENT 
AS A FUNCTION OF DUTY CYCLE 




• The current is 
shown by the 
value per output. 

• Repetitive i 

Frequency J 

^10Hz I 

• The number in 
O is the number 
of outputs conducting 
simultaneously 

• T a =25°C . 

I I I 



DUTY CYCLE {%) 



ALLOWABLE COLLECTOR CURRENT 
AS A FUNCTION OF DUTY CYCLE 




DUTY CYCLE {%) 



DC CURRENT GAIN 

CHARACTERISTICS 



Z 1000 































V CE 


=4V 










































'a ^ 

— T a = 25°C 

T a = -20*C 








s 


s 








/ 




/ 






















' / ' 
* * 


✓ 








































? 




















































* 






















// 


* 
























'/ ' 
/ s 

* 


* N 

























10 3 5 7 100 3 5 ' 7 1000 



COLLECTOR CURRENT l c (mA) 
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A MITSUBISHI 
ELECTRIC 



MITSUBISHI BIPOLAR DIGITAL ICs 

M54521P 

5-UNIT 500mA DARLINGTON TRANSISTOR ARRAY 



DESCRIPTION 

The M54521P, 5-channel sink driver, consists of 10 NPN tran- 
sistors connected to form high current gain driver pairs. 

FEATURES 

• Output sustaining voltage to 30V 

• High output sink current to 500mA 

• Wide operating temperature range (Ta =—20 — h75°C) 

APPLICATION 

Relay and printer drivers, LED or incandescent display 
digit driver, Interfacing for standard M OS/BIPOLAR 
logics 

FUNCTION 

The M54521P is comprised of five NPN darlington driver 
pairs. All emitters and the substrate are connected together 
to pin 7 . The output are capable of sinking 500mA and will 
withstand 30V in the OFF state. 




14-pin molded plastic DIP 



PIN CONFIGURATION (TOP VIEW) 




NC |T 




1a\ nc 






' IN1 ^[T 




13] — 01 ' 






IN2 ->|T 




12] -^02 




INPUTS 


IN3 — [7 




TT] - 03 


OUTPUTS 




IN4 - |T 




10] — 04 






^ IN5 - |T 




T\ — 05 j 






GND [7 










Outline 14P4 










nc : NO CONNECTION 



CIRCUIT SCHEMATIC 



INPUT 



-O OUTPUT 



GND 0-4- 



-O GND 



Unit : fl 



ABSOLUTE MAXIMUM RATINGS (T a =-20~+75°C, unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


Vceo 


Output sustaining voltage 


Transistor OFF 


-0. 5 — h30 


V 


lc 


Collector current 


Transistor ON 


500 


mA 


Pd 


Power dissipation 


T a =25°C 


1.47 


W 


T opr 


Operating ambient temperature range 




-20-+75 


°C 


Tstq 


Storage temperature range 




—55 — H25 


°C 



A MITSUBISHI 
ELECTRIC 
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MITSUBISHI BIPOLAR DIGITAL ICs 

M54521P 

5-UNIT 500mA DARLINGTON TRANSISTOR ARRAY 



RECOMMENDED OPERATIONAL CONDITIONS (T a =-20~+75°C, unless otherwise noted) 



Symbol 


Parameter 


Limits 


Unit 


Min 


Typ 


Max 




Output voltage 


0 




30 


V 


' 'c 


Collector current 
per channel 


Percent duty cycle 

less than 10% 


0 




400 


mA 


Percent duty cycle 

less than 55% 


0 




200 


I.H 


"H" Input current 


l c =200mA 


1 




5 


mA 


l c =400mA 


2 




5 




"L" Input current 






0 







ELECTRICAL CHARACTERISTICS (T a =-20~+75'C, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ* 


Max 


V(BR)CEO 


Output sustaining voltage 


Iceo=100/M 


30 






V 


VcE(sat) 


Output saturation voltage 


V|=2mA, l c =400mA 




1.0 


2.4 


V 


V,=1mA, l c =200mA 




0.8 


1.6 


V, 


Input voltage 


li=1mA 


0.6 


1.35 


1.7 


V 



* : A typical value is at T a =25°C . 



TYPICAL CHARACTERISTICS 



ALLOWABLE AVERAGE 

POWER DISSIPATION 




D 
O 



o 
I- 
o 



OUTPUT CURRENT 

CHARACTERISTICS 













I 














V CE = 


=4V 


















T a =75°C 
















7 


a — * 
a =■ 


20°C 




































































































































0 


0 5 


1 


0 


1 5 


2 



AMBIENT TEMPERATURE T a (°C) 



INPUT VOLTAGE V,(V) 
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A MITSUBISHI 
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MITSUBISHI BIPOLAR DIGITAL ICs 

M54521P 



5-UNIT 500mA DARLINGTON TRANSISTOR ARRAY 



ALLOWABLE COLLECTOR CURRENT 
AS A FUNCTION OF DUTY CYCLE 

500 r 



GC 
QC 
D 

o 

QC 

o 



o 
o 




< 

E 



o 
o 



ALLOWABLE COLLECTOR CURRENT 
AS A FUNCTION OF DUTY CYCLE 

500 r 




DUTY CYCLE {%) 



DUTY CYCLE (%) 



< 



DC CURRENT GAIN 

CHARACTERISTICS 



T a =75'C- 

T a = 25'C_ 

T a =-20°C 



V CE =4V- 



^4 



COLLECTOR CURRENT l c (mA) 



A MITSUBISHI 
ELECTRIC 
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MITSUBISHI BIPOLAR DIGITAL ICs 

M54529AP 

5-UNIT 320mA TRANSISTOR ARRAY WITH STROBE 



DESCRIPTION 

The M54529AP, 5-channel sink driver, consists of 10 NPN 
transistors connected to form high* current gain driver pairs. 

FEATURES 

• Output sustaining voltage to 20V 

• High output sink current to 320mA 

• CMOS compatible input with strobe control 

• Wide operating temperature range (T a =—20 — h75°C ) 

APPLICATION 

Relay and printer driver, LED or incandescent display 
digit driver, Interfacing for standard MOS/BIPOLAR 
logics 

FUNCTION 

The M54529AP uses a predriver stage. Each input has a 
diode and 30kfl resistor in series to have a wide input volt- 
age range from —25V to + 20V. All input can be controlled 
simultaneously by a strobe input at pin 1 . The power supply 
of the predrivers is connected to pin 14. All emitters and the 
substrate are connected together to pin 7 . The outputs are 
capable of sinking 320mA and will withstand 20V in the OFF 
state. 



FUNCTIONAL TABLE 



IN 


STB 


OUT 


L 


L 


H 


H 


L 


H 


L 


H 


H 


H 


H 


L 



PIN CONFIGURATION (TOP VIEW) 



STROBE INPUT STB -*[T 

IN1 



T7" 



M] V Ci 




OUTPUTS 



Outline 14P4 



NC I NO CONNECTION 



CIRCUIT SCHEMATIC 



INPUT o- 



STROBE STBo- 
INPUT 




*oGND 



Unit : a 




14-pin molded plastic DIP 



ABSOLUTE MAXIMUM RATINGS (T a =-20~+75 o C, unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


Vcc 


Supply voltage 




10 


V 


Vceo 


Output sustaining voltage 


Transistor OFF 


-0. 5— +20 


V 


lc 


Collector current 


Transistor ON 


320 


mA 


v, 


Input voltage 




-20 — h20 


V 


V|(STB) 


Strobe input voltage 




20 


V 


Pd 


Power dissipation 


T a =25C 


1.47 


W 


T opr 


Operating ambient temperature range 




-20 — h75 


°C 


T s ta 


Storage temperature range 




-55 — H25 


°C 
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A MITSUBISHI 
ELECTRIC 



MITSUBISHI BIPOLAR DIGITAL ICs 

M54529AP 



5-UNIT 320mA TRANSISTOR ARRAY WITH STROBE 



RECOMMENDED OPERATIONAL CONDITIONS (T a =-20~+75°C, unless otherwise noted) 



Symbol 


Parameter 


Limits 


Unit 


Min 


Typ 


Max 


V C c 


Supply voltage 


3 


5 


8 


y 


V 0 


Output voltage 


0 




20 


V 


lc 


Collector current 
per channel 


Percent duty cycle 

less than 33%, V C c=6. 5V 


0 




300 


mA 


Percent duty cycle 

less than 80%, V C c=6. 5V 


0 




150 


mA 


V,H 


"H" Input voltage 


l c =150mA 


3.5 




15 


V 


l c =300mA 


5 




15 




"L" Input voltage 


lodeak)=50/iA 


0 




1 


V 


V|H(STB) 


"H" Input voltage (strobe input) 


2.4 




15 


V 


V, M STB) 


"L" Input voltage (strobe input) 


0 




0.2 


V 



ELECTRICAL CHARACTERISTICS (T a =-20~+75°C, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


V(BR)CEO 


Output sustaining voltage 


V C c=8V, y,=8V, V, ( stb)=0. 2v 
Iceo=100/M 


20 






V 


v cE(sat) 


Output saturation voltage 


Vi ( stb)=2.4V 


V CC =6.5V, V,=5V, l c =250mA 




0. 35 


0. 85 


V 


Vcc=3V, V,=3.5V, l c =150mA 




0.2 


0.6 


1, 


Input current 


V CC =5V, V,=3. 5V, V, ( stb)=2. 4V 




20 


120 


juA 


Ir 


Input leakage current 


V CC = 8V, V,=-20V 






-20 


juA 


l|(STB) 


Strobe input current 


V C c=5V, V,=5V all input 

V„STB)=0. 2V 




-0.8 


-1.5 


mA 


Ir(STB) 


Strobe input leakage current 


V CC =8V, V,=0V, V| (S TB)=20V 






10 


juA 


Ice 


Supply current 


V CC =8V, V,=5V all input 
Vi ( stb)=2. 4V 




95 


170 


mA 


h FE 


DC forward current gain 


V CE =4V, V cc =6. 5V, l c =300mA, T a =25°C 


1000 


18000 







TYPICAL CHARACTERISTICS 



ALLOWABLE AVERAGE 

POWER DISSIPATION 



OUTPUT CURRENT 

CHARACTERISTICS 




< 

E 



O 
h- 

O 



v cc = 

V C E = 










i 




=6 5V 
=4V 

T a '=75°C 














T a =25°C 
T a =-20t 


i 
































J 









AMBIENT TEMPERATURE T a (°C) 



INPUT VOLTAGE V,(V) 
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MITSUBISHI BIPOLAR DIGITAL ICs 

M54529AP 

5-UNIT 320mA TRANSISTOR ARRAY WITH STROBE 



o 
o 



ALLOWABLE COLLECTOR CURRENT 
AS A FUNCTION OF DUTY CYCLE 



• The current is 
shown by the 

value per output 

• Repetitive , 
Frequency 
3:10Hz 1 

• The number m| 
O is the number 
of outputs conducting 
simultaneously 

• V C c=6. 5V 

• T a =75°C | 



<D~(D 

(3) 

® 



O 
rr 
O 



O 
O 



ALLOWABLE COLLECTOR QURRENT 
AS A FUNCTION OF DUTY CYCLE 



400 




• The current is 
shown by the 

_ value per output 

• Repetitive 
Frequency 

"•The number in , 
O is the number 
of outputs conducting' 
simultaneously 

• V C c=6. 5V 

• T a =251C ' 



20 



40 



20 



40 



DUTY CYCLE {%) 



DUTY CYCLE (%) 



z 
< 
CD 



D 
O 

O 
Q 



DC CURRENT GAIN 

CHARACTERISTICS 




3 5 7 100 3 5 7 1000 

COLLECTOR CURRENT l c (mA) 
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MITSUBISHI BIPOLAR DIGITAL ICs 

M54529P 

5-UNIT 320mA TRANSISTOR ARRAY WITH STROBE 



DESCRIPTION 

The M54529P, 5-channel sink driver, consists of 10 NPN tran- 
sistors connected to form high current gain driver pairs. 

FEATURES 

• Output sustaining voltage to 20V 

• High output sink current to 320mA 

• PMOS Compatible input with strobe control 

• Wide operating temperature range (Ta=— 20~+75°C ) 

APPLICATION 

Relay and printer driver, LED and incandescent display 
digit driver, Interfacing for standard MOS/BIPOLAR 
logics 

FUNCTION 

The M54529P uses a predriver stage. Each input has a diode 
and 20k H resistor in series to have a wide input voltage 
range from —25V to +20V. All input can be controlled simul- 
taneously by a strobe input at pin 1 . The power supply of the 
predrivers is connected to pin 14. All emitters and the sub- 
strate are connected together to pin 7 . The outputs are ca- 
pable of sinking 320mA and will withstand 20V in the OFF 
state. 



PIN CONFIGURATION (TOP VIEW) 


STROBE INPUT STB — |T 




w 


14] v cc 






im-»[jr 






13] — 01 






IN2 — (T 






lf]-*02 




INPUTS 


IN3 — [T 






Tl]— 03 


OUTPUTS 










TO] — 04 












T| — 05 






GND [T 






If] NC 






Outline 14P4 












NC : NO CONNECTION 



FUNCTIONAL TABLE 



IN 


STB 


OUT 


L 


L 


H 


H 


L 


H 


L 


H 


H 


H 


H 


L 



CIRCUIT SCHEMATIC 



INPUT c- 
STROBE c 



20 k 
-VW- 



INPUT 



u STBo- 



— j—jo OUTPUT 
i i 
i i 

it 



-*~±o GND 



unit : n 




14-pin molded plastic DIP 



ABSOLUTE MAXIMUM RATINGS (T a 20~+75°C, unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


Vcc 


Supply voltage 




10 


V 


Vceo 


Output sustaining voltage 


Transistor OFF 


—0. 5 — h20 


V 


lc 


Collector current 


Transistor ON 


320 


mA 


V, 


Input voltage 




-25 — 1-20 


V 


V| (STB) 


Strobe input voltage 




20 


V 


Pd 


Power dissipation 


T a =25°C 


1.47 


W 


T opr 


Operating ambient temperature range 




-20 — h75 


°C 


Tsta 


Storage temperature range 




-55-+125 


°C 
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MITSUBISHI BIPOLAR DIGITAL ICs 

M54529P 



5-UNIT 320mA TRANSISTOR ARRAY WITH STROBE 



RECOMMENDED OPERATIONAL CONDITIONS (T a =-20~+75°C, unless otherwise noted) 



Symbol 


Parameter 


Limits 


Unit 


Mm 


Typ 


Max 


Vcc 


Supply voltage 


3 




8 


V 


V 0 


Output voltage 


0 




20 


V 


lc 


Collector current 
per channel 


Percent duty cycle 

less than 33%, V CC =6.5V 


0 




300 


mA 


Percent duty cycle 

less than 80%, V cc =6. 5V 


0 




150 


V, H 


"H" Input voltage 


l c =300mA 


7 




15 


V 


Ic^lSOmA 


6 




15 


V lu 


"L" Input voltage 


'o(leak)=50^A 


0 




1 


V 


V|H(STB) 


"H" Input voltage (strobe input) 


2.4 




15 


V 


VlL(STB) 


"L" Input voltage (strobe input) 


0 




0.2 


V 



ELECTRICAL CHARACTERISTICS (T a =-20~+75°C, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ* 


Max 


V(BR)CEO 


Output sustaining voltage 


V CC =8V, V,=7V, V„stb)=0. 2V 
Iceo=100/M 


20 






V 


v cE(sat) 


Output saturation voltage 


V,=7V 
V,(stb)=2. 4V 


V cc =6. 5V, l c =250mA 




0.5 


0.85 


V 


V C c=3V, l c = 120mA 




0.3 


0.5 


1, 


Input current 


V CC =8V, V,=18V, V|,stb)=2. 4V 




0.9 


1.8 


mA 


Ir 


Input leakage current 


V CC =8V, V,=-25V 




0 


-20 


juA 


'l(STB) 


Strobe input current 


V CC =8V, V,=7V all input 
V, (S tb)=0.2V 




-4 




mA 


'r(STB) 


Strobe input leakage current 


V CC =8V, V,=0V, V 1( stb)=20V 




0 ' 


10 


U A 


'cc 


Supply current 


V C c=8V, V,=7Vall input 
Vi ( stb)=2.4V 




95 


170 


mA 


h FE 


DC forward current gain 


V CE =4V, V cc =6. 5V, l c =300mA, T a =25°C 


1000 


3000 







* : All typical values are at T a =25°C. 



TYPICAL CHARACTERISTICS 



ALLOWABLE AVERAGE 

POWER DISSIPATION 




3 
o 



OUTPUT CURRENT 

CHARACTERISTICS 



























-V cc 


=6. 
=4V 


5V 
















V CE 
















/T a=75'C 

T a =25t: 


















=-2cr 


c 


-| 






















\ 























































































AMBIENT TEMPERATURE T a (°C) 



INPUT. VOLTAGE V,(V) 
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MITSUBISHI BIPOLAR DIGITAL ICs 

M54529P 



5-UNIT 320mA TRANSISTOR ARRAY WITH STROBE 



ALLOWABLE COLLECTOR CURRENT 
AS A FUNCTION OF DUTY CYCLE 



ALLOWABLE COLLECTOR CURRENT 
AS A FUNCTION OF DUTY CYCLE 



D 
O 



o 
o 



• The current is 
shewn by the 
value per output " 

• Repetitive i 
Frequency 

|— ^iohz — ]— 

• The number in 
O is the number 

— of outputs conducting 
simultaneously 
•T a =25t | | 



< 

E 



O 



o 
o 



20 



40 




DUTY CYCLE {%) 



DUTY CYCLE {%) 



DC CURRENT GAIN 

CHARACTERISTICS 



10000 




10 3 5 7 100 3 5 7 1000 



COLLECTOR CURRENT l c (mA) 
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MITSUBISHI BIPOLAR DIGITAL ICs 



M54533P 



6-UNIT 320mA TRANSISTOR ARRAY WITH CLAMP DIODE AND STROBE 



DESCRIPTION 

The M54533P, 6-channel sink driver, consists of 12 NPN tran- 
sistors to form high current gain driver pairs. 

FEATURES 



Output breakdown voltage to 20V 
High output sink current to 320mA 
Integral diode for transient suppression 
Strobe control input 

Wide input voltage range from —25V to +20V 
Wide operating temperature range (T a =—20 — h75°C) 



APPLICATION 

Relay and printer driver, LED or incandescent display 
digit driver 

FUNCTION 

The M54533P uses a predriver stage. Each input has a diode 
and 20k H resistor in series to allow a negative voltage input. 
All input can be controlled simultaneously by a strobe input 
at pin 1 . 

The power supply of the predrivers is connected to pin 16. 
All emitters and the substrate are connected together to pin 
8 . Each output has an integral diode for inductive load tran- 
sient suppression and the cathodes of the diodes are con- 
nected to pin 9 . 

The outputs are capable of sinking 320mA and will withstand 
20V in the OFF state. 



PIN CONFIGURATION (TOP VIEW) 



STROBE STB— [Tn 
INPUT 

IN1 



INPUTS 



IN2 
IN3 
IN4 
IN5 
IN6 



16] Vcc 
15] — 01 



GND (IT 



14]— 02 
13]— 03 
]|]— 04 

rj]— 05 



OUTPUTS 



10]— 06 
L 9]— COM COMMON 



Outline 16P4 



CIRCUIT SCHEMATIC 



20 k 

INPUTo-^w- 




STB 
STROBE INPUT 



-i M> GND 



Unit : n 




ABSOLUTE MAXIMUM RATINGS (T a =-20~+75'C, unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


Vcc 


Supply voltage 




10 


V 


Vceo 


Output sustaining voltage 


Transistor OFF 


-0. 5 — h20 


V 


'c 


Collector current 


Transistor ON 


320 


mA 


V, 


Input voltage 




-25 — h20 


V 


V|(STB) 


Strobe input voltage 




20 


V 


V R(D ) 


Clamp diode reverse voltage 




20 


V 


'f(D) 


Clamp diode- forward current 




320 


mA 


Pd 


Power dissipation 


T a =25°C 


1.47 


W 


T opr 


Operating ambient temperature range 




-20-+75 


°C 


T sta 


Storage temperature range 




-55 — M25 


°C 
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MITSUBISHI BIPOLAR DIGITAL ICs 

M54533P 



6-UNIT 320mA TRANSISTOR ARRAY WITH CLAMP DIODE AND STROBE 



RECOMMENDED OPERATIONAL CONDITIONS (T a =-20~+75°C, unless otherwise noted) 



Symbol 


Parameter 


Limits 


Unit 




Min 


Typ 


Max 


v C c 


Supply voltage 


3 




8 


V 


Vo 


Output voltage 


0 




20 


V 


lc 


Collector current 
per channel 


Percent duty cycle 

less than 25%, V cc =6. 5V 


0 




300 


mA 


Percent duty cycle 

less than 65%, Vcc^. 5V 


0 




150 


V,h 


"H" Input voltage 


l c =300mA 


7 




18 


V 


l c = 150mA 


5 




18 


v, L 


"L" Input voltage 


'odeakr^OM 


0 




1 


V 


V|H(STB) 


"H" Input voltage (strobe input) 


2.4 




18 


V 


V|L{STB) 


"L" Input voltage (strobe input) 


0 




0.2 


V 


ELECTRICAL CHARACTERISTICS (T a =-20~+75°C, unless otherwise noted) 




Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


V(BR)CEO 


Output sustaining voltage 


Vcc=8V, V,=18V, V„stb)=0. 2V 
Iceo=100M 


20 






V 


v cE(sat) 


Output saturation voltage 


V|=7V 
V, ( stb)=2.4V 


V cc =6. 5V, l c =250mA 




0.5 


0. 85 


V 


Vcc=3V, l c =120mA 




0.3 


0.5 




Input current 


V CC =8V, V,=18V, V| (S TB)=2.4V 




0.8 


1.8 


mA 


IN 


Input leakage current 


V CC =8V, V,=-25V 






-20 


MA 


•l(STB) 


Strobe input current 


V CC =8V, V,=18V (all input), V, (S tb)=0. 2V 




-4 




mA 


'r(STB) 


Strobe input leakage current 


V C c=8V, V,=0V, Vi ( stb)=20V 






20 


//A 


Vf(d, 


Clamp diode forward voltage 


l F (D)= 320mA 




1.4 


2.4 ' 


V 


Vr( D ) 


Clamp diode reverse voltage 


Ir(D) = 100-"A 


20 


40 




V 


Ice 


Supply current 


Vcc=8V, V,=7V (all input) 
V, ( stb)=2.4V 




120 


200 


mA 


h FE 


DC forward current gain 


V CE =4V, V cc =6. 5V, l c =300mA, T a =25°C 


1000 


3000 
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MITSUBISHI BIPOLAR DIGITAL ICs 

M54533P 

6-UNIT 320mA TRANSISTOR ARRAY WITH CLAMP DIODE AND STROBE 



TYPICAL CHARACTERISTICS 

ALLOWABLE AVERAGE 

POWER DISSIPATION 



OUTPUT CURRENT 

CHARACTERISTICS 




o 



o 

i- 
O 



o 
o 

































=2.4> 










— V c 
V c 


C =0.0V, 

E =4V 


V| (STB) ~ 


/ 












=75°C 


1 














•T a 


=-2( 


°C 


t 




















4- 


{ 


















i- 








































f— 


















—j 
j 











AMBIENT TEMPERATURE T a (°C) 



INPUT VOLTAGE V,(V) 



ALLOWABLE COLLECTOR CURRENT 
AS A FUNCTION OF DUTY CYCLE 

400 r 




• The current is 
shown by the 

- value per output 

• Repetitive 
Frequency 

- ^10Hz 



• The number in 
O is the number 
of outputs conducting 
simultaneously. 



• T a =25°C 



ALLOWABLE COLLECTOR CURRENT 
AS A FUNCTION OF DUTY CYCLE 



^ 100 



o 
o 




• The current is 
shown by the 

value per output 

~ Repetitive 
Frequency 
^10Hz — 

• The number in 1 
O is the number 
of outputs conducting, 
simultaneously. 

=75°C 



20 



40 



DUTY CYCLE {%) 



DUTY CYCLE {%) 



DC CURRENT GAIN 

CHARACTERISTICS 



< 



D 
O 




COLLECTOR CURRENT l c (mA) 
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MITSUBISHI BIPOLAR DIGITAL ICs 



M54534P 



6-UNIT 320mA TRANSISTOR ARRAY WITH CLAMP DIODE AND STROBE 



DESCRIPTION 

The M54534P, 6-channel sink driver, consists of 12 NPN tran- 
sistors connected to form high current gain driver pairs. 

FEATURES 

• Output breakdown voltage to 20V 

• High output sink current to 320mA 

• Integral diodes for transient suppression 

• Strobe control input 

• Wide input voltage range from —25V to +20V 

• Wide operating temperature range (T a = —20 — f-75°C ) 

APPLICATIONS 

Relay and printer driver, LED or incandescent display 
digit driver 

FUNCTION 

The M54534P uses a predriver stage. Each input has a diode 
and 1.6kn resistor in series to allow a negative voltage in- 
put. All input can be controlled simultaneously by a strobe 
input at pin 1 . 

The power supply of the predrivers is connected to pin 16. 
Each output has an integral diode for inductive load transient 
suppression and the cathodes of the diodes are connected 
to pin 9 . All emitters and the substrate are connected 
together to pin 8 . 

The outputs are capable of sinking 320mA and will withstand 
20V in the OFF state. 



PIN CONFIGURATION (TOP VIEW) 



STROBE STB — IT-, 
INPUT L - * 

IN1 



INPUTS 



T| V cc 
15] — 01 



OUTPUTS 



IN3 ^d-€>T^-IH 53 
IN5 ^H-0%:--i!Fo 5 

IN6 \f —{^y^- H— 06 
GND QF '-][j_ >COM COMMON 



Outline 16P4 



CIRCUIT SCHEMATIC 



1 .6k 

INPUT o-AVv — f N 



—H- 




COM 



-T-o OUTPUT 



STB 
STROBE INPUT 



i 

i J~o GND 



Unit : n 




ABSOLUTE MAXIMUM RATINGS (T a =-20~+75°C, unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


Vcc 


Supply voltage 




10 


V 


Vceo 


Output sustaining voltage 


Transistor OFF 


-0. 5 — h20 


V 


'c 


Collector current 


Transistor ON 


320 


mA 


v, 


Input voltage 




-25 — h20 


V 


V|(STB) 


Strobe input voltage 




20 


V 


V R (D) 


Clamp diode reverse voltage 




20 


V 


'f(D) 


Clamp diode forward current 




320 


mA 


Pd 


Power dissipation 


T a =25°C 


1.47 


W 


T opr 


Operating ambient temperature range 




-20 — h75 


°C 


Tsta 


Storage temperature range 




—55 — H25 


°C 
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MITSUBISHI BIPOLAR DIGITAL ICs 

M54534P 



6-UNIT 320mA TRANSISTOR ARRAY WITH CLAMP DIODE AND STROBE 



RECOMMENDED OPERATIONAL CONDITIONS (T a =-20~+75°C, unless otherwise noted) 



Symbol 


Parameter 


Limits 


Unit 


Mm 


Typ 


Max 


Vcc 


Supply voltage 


3 




8 


V 


Vo 


Output voltage 


0 




20 


V 


lc 


Collector current 
per channel 


Percent duty cycle 

less than 25%, Vcc^. 5V 


0 




300 


mA 


Percent duty cycle 

less than 65%, V CC =6.5V 


0 




150 


V,H 


"H" Input voltage 


l c =300mA 


3.2 




18 


V 


v IL 


"L" Input voltage 


lo(leak>= 50 ^A 


0 




0.7 


V 


V|H(STB) 


"H" Input voltage (strobe input) 


2.4 




18 


V 


V|L(STB) 


"L" Input voltage (strobe input) 


0 




0.2 


V 



ELECTRICAL CHARACTERISTICS (T a =-20~+75°C, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ* 


Max 


V(BR)ceo 


Output sustaining voltage 


V CC =8V, V,=3. 2V, V l(ST B)=0. 2V 
I C eo=100M 


20 






V 


VcE(sat) 


Output saturation voltage 


V,=3V 
V, ( stb)=2. 4V 


V CC =6.5V, l c =250mA 




0.5 


0. 85 


V 


V CC =3V, l c =120mA 




0.3 


0.5 


1, 


Input current 


V CC =8V, V,=3. 2V, V| ( stb)=2. 4V 






1.4 


mA 


Ir 


Input leakage current 


V CC =8V, V,=-25V 






-20 


MA 


'l(STB) 


Strobe input current 


V CC =8V, V,=3. 2V (all input), V, ( stb)-0. 2V , 




-7.9 




mA 


'r(STB) 


Strobe input leakage current 


V CC =8V, V,=0V, V|,stb)=20V 






20 


^A 


Vf ( d) 


Clamp diode forward voltage 


l F(D )=320mA 




1.4 


2.4 


V 


V R(D ) 


Clamp diode reverse voltage 


l R(D) =100 ( wA i 


20 


40 




V 


'cc 


Supply current 


V C c=8V, V,=3. 2V (all input) 
V, ( stb)=2.4V 




120 


200 


mA 


h FE 


DC forward current gain 


V C E=4V, V cc =6. 5V, l c =300mA, T a =25°C 


1000 


3000 







* : All typical values are at T a =25°C. 



TYPICAL CHARACTERISTICS 

ALLOWABLE AVERAGE 

POWER DISSIPATION 




o 
i- 
o 



o 
o 



OUTPUT CURRENT 

CHARACTERISTICS 



1 1 1 1 

Vcc =6. 5 V, V I(ST B)=2.4V 
V OE =4V 








— r-'— T a ' = 75°C 
Ta =25°C 
















~T a 


=-20 


C 




































































































J 


) 











AMBIENT TEMPERATURE T a (°C) 



INPUT VOLTAGE V,(V) 
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6-UNIT 320mA TRANSISTOR ARRAY WITH CLAMP DIODE AND STROBE 



O 

rr 
o 



o 
o 



ALLOWABLE COLLECTOR CURRENT 
AS A FUNCTION OF DUTY CYCLE 




• The current is 
shown by the 

- value per output. 

• Repetitive i 
Frequency 



• The number in 
O is the number 

. of outputs conducting , 
simultaneously. 

• T a =25t j 
_J L_ 



< 
E 



D 
O 



ALLOWABLE COLLECTOR CURRENT 
AS A FUNCTION OF DUTY CYCLE 



20 



40 




DUTY CYCLE {%) 



DUTY CYCLE (%) 



DC CURRENT GAIN 

CHARACTERISTICS 



z 
< 



D 
O 




3 5 7 100 3 5 7 1000 

COLLECTOR CURRENT l c (mA) 
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MITSUBISHI BIPOLAR DIGITAL ICs 

M54539P 

6-UNIT 700mA TRANSISTOR ARRAY WITH CLAMP DIODE 



DESCRIPTION 

The M54539P, 6-channel sink driver, consists of 12 NPN tran- 
sistors connected to form high current gain driver pairs. 

FEATURES 

• Output breakdown voltage to 20V 

• High output sink current to 700mA 

• Integral diodes for transient suppression 

• Wide operating temperature range (T a =— 20 — h75°C ) 

APPLICATIONS 

Relay and solenoid driver, LED or incandescent display 
driver, Thermal head driver 

FUNCTION 

The M54539P uses a predriver stage with 2k H series input 
resistor. The power supply of the predrivers is connected to 
pin 16. Each output has an integral diode for inductive load 
transient suppression and the cathodes of the diodes are 
connected to pin 9 . All emitters and the substrate are con- 
nected together to pin 8 . The outputs are capable of sink- 
ing 700mA and will withstand 20V in the OFF state. 



PIN CONFIGURATION (TOP VIEW) 



INPUTS 



NC LI 




Je\ v cc 




IN 1 — [7 


— I>r— 


T?| — 01 




IN2 — [T 




02 




IN 3,— \T 




75] -> 03 


►OUTPUTS 


IN 4 -*|T 




Ti] — 04 




IN 5 — [T 




77] —05 




IN6 -*|T 




To] —06 




GND [7 




T| — COM COMMON 



Outline 16P4 nc : no connection 



CIRCUIT SCHEMATIC 



2k 

INPUT o— A/W- 




■ H ? o COM 

i-t lo OUTPUT 



»-o GND 



ABSOLUTE MAXIMUM RATINGS (T a =-20~+75°C, unless otherwise noted) 



unit : n 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


Vcc 


Supply voltage 




10 


V 


Vceo 


Output sustaining voltage ' 


Transistor OFF 


-0. 5 — 1-20 


V 


lc 


Collector current 


Transistor ON 


700 


mA 


v, 


Input voltage 




10 


V 


v R 


Clamp diode reverse voltage 




20 


V 


If ; 


.Clamp diode forward current 


Pulse width ^35ms, Percent duty cycle^5% 


700 


mA 




350 


mA 


Pd 


Power dissipation 


T a =25°C 


1.47 


W 


T opr 


Operating ambient temperature range 




-20— +75 


°C 


Tsta 


Storage temperature range 




• -55-+125 


°C 



RECOMMENDED OPERATIONAL CONDITIONS (T a =-20~+75 o C, unless otherwise noted) 



Symbol 


Parameter 


Limits 


Unit 


Min 


Typ 


Max 


Vcc 


Supply voltage 


3 


5 


7 


V 


Vo 


Output voltage 


0 




20 


V 


lc 


Collector current 
per channel 


The three outputs conducting 
simultaneously 

Percent duty cycle less than 20% 


0 




700 


mA 


The three outputs conducting 
simultaneously 

Percent duty cycle less than 90% 


0 




200 


V, H 


"H" Input voltage 


l c =450mA 


3 




6 


V 


v IL 


"L" Input voltage 


'o (leak) =50>A 


0 




0.3 


V 




16-pin molded plastic DIP 



9-26 



A MITSUBISHI 
ELECTRIC 



MITSUBISHI BIPOLAR uiuiial. s 

M54539P 

6-UNIT 700mA TRANSISTOR ARRAY WITH CLAMP DIODE 



ELECTRICAL CHARACTERISTICS (T a =-20~+75°C, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


V(BR)CEO 


Output sustaining voltage 


V C c=7V, I C eo=100/M 


20 






V 


VcE(sat) 


Output saturation voltage 


V CC =5V 
V,=3V 


l c =450mA 




0. 46 


0.8 


V 


l c =200mA 




0.2 


0. 45 


1, 


Input current 


V CC =7V, V,=3. 2V 




0. 75 


1.4 


mA 


V R 


Clamp diode reverse voltage 


l R =100^A 


20 






V 


v F 


Clamp diode forward voltage 


l F =350mA 




1.5 


2.7 


V 


Ice 


Supply current 


V C c=7V, V,=3.2V(all input) 




190 


300 


mA 


hFE 


DC forward current gain 


V CE =4V, V CC =6V, l c =300mA, T a =25°C 


3000 


8000 







TYPICAL CHARACTERISTICS 



ALLOWABLE AVERAGE POWER 
DISSIPATION 




o 
o 



OUTPUT CURRENT 

CHARACTERISTICS 



< 

600 



o 

I— 

o 

































! 












c =6 


V, V 


CE = 


4V 


4- 










T a =75°C 


-H 














- T a 


=-20 


°C 






















f- 
























































-j 
























/ 









AMBIENT TEMPERATURE T a (°C) 



INPUT VOLTAGE V,(V) 



< 
E 



O 



o 
o 



ALLOWABLE COLLECTOR CURRENT 
AS A FUNCTION OF DUTY CYCLE 



400 



200 




► The current is 
shown by the 
. value per output 

• Repetitive r 
Frequency 
^10Hz I 

' »The number in 

0 is the number 
of outputs conducting 
simultaneously.-^ 

• T a =25°C , 

1 I 1 



ALLOWABLE COLLECTOR CURRENT 
AS A FUNCTION OF DUTY CYCLE 

800 r 



o 
rr 
O 
i— 
o 



o 
o 




DUTY CYCLE (%) 



DUTY CYCLE (%) 
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MITSUBISHI BIPOLAR DIGITAL ICs 

M54539P 

6-UNIT 700mA TRANSISTOR ARRAY WITH CLAMP DIODE 



DC CURRENT GAIN 

CHARACTERISTICS 




3 5 7 100 3 5 7 1000 

COLLECTOR CURRENT l c (mA) 
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MITSUBISHI BIPOLAR DIGITAL ICs 



M54578P 



6-UNIT 700mA TRANSISTOR ARRAY WITH CLAMP DIODE AND STROBE 



DESCRIPTION 

The M54578P, 6-channel sink driver, consists of 12 NPN tran- 
sistors connected to form high current gain driver pairs. 

FEATURES 

• 20V breakdown 

• High output sink current to 700mA 

• PMOS Compatible 

• Wide operating temperature range (T a =—20 — h75°C ) 

APPLICATIONS 

Relay and printer driver, LED or incandescent display 
digit driver, Interfacing for standard MOS/BIPOLAR 
logics 

FUNCTION 

The M54578P uses a predriver stage. Each input has a diode 
and 2 kf2 resistor in series to allow a negative voltage input. 
All input can be controlled simultaneously by a strobe input 
at pin 1 . The power supply of the predrivers is connected to 
pin 16. Each output has an integral diode for inductive load 
transient suppression and the cathodes of the diodes are 
connected to pin 9 . All emitters and the substrate are con- 
nected together to pin 8 . The outputs are capable of sinking 
700mA and will withstand 20V in the OFF state. 




PIN CONFIGURATION (TOP VIEW) 

— <cr 



STB 
IN1 
IN2- 
IN3 - 
IN4 - 
IN5 - 
IN6 - 

GND 



-En 



-E- 
-E- 
-E- 
-E- 
E- 
E- 
E 



3 
3 
3- 



Vcc 
• 01 
02 

03 
04 
05 



OUT 
PUTS 



7o| -* 06 
— 7] COM COMMON 



Outline 16P4 



CIRCUIT SCHEMATIC 



2k 

IN o Wv- 

PUT 



STBO- 



-Wt-o com 



20k 

" vw- 



< 



2k 
-VW- 
I 



-j — i—O OUTPUT 

I | 

U 

! j 

* * o GND 

Unit : n 



16-pin molded plastic DIP 



ABSOLUTE MAXIMUM RATINGS (T a =-20~+75'C, unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


Vcc 


Supply voltage 




10 


V 


Vceo 


Output sustaining voltage 


Transistor OFF 


-0. 5 — H20 


V 


lc 


Collector current 


Transistor ON 


700 


mA 


V, 


Input voltage 




-25-+20 


V 


V|(STB) 


Strobo input voltage 




20 


V 


Vr( D ) 


Clamp diode reverse voltage 




20 


V 


'f(D) 


Clamp diode forward current 


Pulse width^35ms, Duty cycled 5 % 


700 


mA 
• 




350 


Pd 


Power dissipation 


T a =25°C 


1.47 


W 


T opr 


Operating ambient temperature range 




-2Q — h75 


°C 


Tsta 


Storage temperature range 




-55 — H25 


°c 
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MITSUBISHI BIPOLAR DIGITAL ICs 

MS4578P 



6-UNIT 700mA TRANSISTOR ARRAY WITH CLAMP DIODE AND STROBE 



RECOMMENDED OPERATIONAL CONDITIONS (T a =-20~+75'C, unless otherwise noted) 



Symbol 


Parameter 


Limits 


Unit 




Min 


Typ 




V C c 


Supply voltage 


3 


5 


8 




V 0 


Output voltage 


0 




20 


V 


lc 


Collector current 
per channel 


The three outputs conducting 
simultaneously 

Percent duty cycle less than 20% 


0 




700 


mA 


The three outputs conducting 
simultaneously 

Percent duty cycle less than 90% 


0 




200 


V|H(STB) 


"H" Input voltage (strobe input) 


2.4 




V C c 


V 


V|L(STB) 


"L" Input voltage (strobe input) 


0 




0.2 


V 


V, H 


"H" Input voltage 


l c =450mA, V CC =5V 


3.5 




Vcc 


V 


l c =700mA, V C c=6V 


5 




V C c 


V 1L 


"L" Input voltage 


lodeak)=50AA 


0 




0.8 


V 


ELECTRICAL CHARACTERISTICS (T a =-20~+75°C, unless otherwise noted) 




Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Mm 


Typ 


Max 


V(BR)CEO 


Output sustaining voltage 


V CC =7V, V| ( stb)=0. 4V 
V,=3.5V, I C eo=100M 


20 






V 


v cE(sat) 


Collector-emitter saturation voltage 


V CC =5V 
V,=3. 5V 


l c =450mA 




0.5 


0.8 


V 


l c =200mA 




0. 23 


0. 45 


1, 


Input current 


V C c=7V, V,=3. 5V 
Vi,stb)=2.4V 




0.6 


1.4 


mA 


Ir 


Input leakage current 


V CC =7V, V R =-25V 






-20 


^A 


'l(STB) 


Strobe input current 


V C c=7V, V, ( stb)=0.4V 
V|=3. 5V (all input) 




-7.2 


-10.7 


mA 


'r(STB) 


Strobe input leakage current 


V CC =7V, V,=0V, V| ( c, TB) =20V 






20 


/uA 


Vf ( d) 


Clamp diode forward current 


l F(D )=600mA 




1.6 


5 


V 


Vr( D ) 


Clamp diode reverse voltage 


l R(D) =100M 


20 






V 


'cc 


Supply current 


V CC =8V, V, ( stb)=2. 4V 
V,=3. 5V (all input) 




220 


320 


mA 


hFE 


DC forward current gain 


V CC =5V 

V CE =4V, l c =450mA, T a =25°C 


2000 


10000 
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M54578P 



6-UNIT 700mA TRANSISTOR ARRAY WITH CLAMP DIODE AND STROBE 



TYPICAL CHARACTERISTICS 

ALLOWABLE AVERAGE 

POWER DISSIPATION 




CQ CO 
< (JO 

| Q 0.5 



O 

o 



OUTPUT CURRENT 

CHARACTERISTICS 



































Vc 


c=5 


V 
















V CE =4V ^ 
T a '=75 


C 








-f 




T a =25°C 








-f- 








- ia 


= -£ 


JL,— 




























-f- 




















i 
i 




















! 




















/ 















AMBIENT TEMPERATURE T a (°C) 



INPUT VOLTAGE V,(V) 



ALLOWABLE COLLECTOR CURRENT 
AS A FUNCTION OF DUTY CYCLE 



ALLOWABLE COLLECTOR CURRENT 
AS A FUNCTION OF DUTY CYCLE 



< 

E 



DC 
CC 

o 

DC 
O 

o 



o 
o 




• The current is - 
shown by the 
value per output 

• Repetitive — j 

Frequency 
SlOHz I 

• The number in . 
O is the number 
of outputs conducting 
simultaneously 

• T a =25°C 



_I_L 



< 
E 



oc 
=> 
o 

DC 
O 
I- 

o 



-8 




• The current is 
shown by the 
value per output 

• Repetitive 
Frequency 
^10Hz 

• The number in 
O is the number 
of outputs conducting 
simultaneously _ 

• T a =75°C I 



DUTY CYCLE (%) 



DUTY CYCLE (%) 



< 



O 

O 
Q 



DC CURRENT GAIN 

CHARACTERISTICS 































-V C( 


























-V CE 


=4V 
-T a =7 






















rc 

5°C 
10 


















■T a 

■ T a 


— 
= 


2 


°c 








s 














































—/-/ 
























L 


'// 






















/ 


kj 


* 
















,/ 








/[ 















3 5 7 100 3 5 7 1000 



COLLECTOR CURRENT l c (mA) 
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MITSUBISHI BIPOLAR DIGITAL ICs 

M54527P 



6-UNIT 150mA DARLINGTON TRANSISTOR ARRAY WITH CLAMP DIODE 



DESCRIPTION 

The M54527P, 6-channel sink driver, consists of 12 NPN tran- 
sistors connected to form high current gain driver pairs. 

FEATURES 

• High output sustaining voltage to 40V 

• Output sink current to 150mA 

• PMOS compatible input 

• Integral diode for transient suppression 

• Wide input voltage range from —40V to +40V 

• Wide operating temperature range (T a = —20 — (-75°C ) 



APPLICATIONS 

Relay and printer driver, 
digit driver, Interfacing 
logics 



LED or incandescent display 
for standard MOS/BIPOLAR 



FUNCTION 

The M54527P is comprised of six darlington driver pairs. 
Each input has a diode and 20k fl resistor in series to allow 
a negative voltage input. Between pin 8 and each output, 
there are integral diodes for inductive load transient sup- 
pression. All emitters and the substrate are connected 
together to pin 7 . The outputs are capable of sinking 150mA 
and will withstand 40V in the OFF state. 




PIN CONFIGURATION (TOP VIEW) 



INPUTS 



IN1- 



Ml- 



IN2 ~*IZ 1><>^-^-— H]— 02 

IN3— \J\ £>°-|^ -[]!]-* 03 

IN4- 



IN5— (T [>o-|— -TO]— *05 

I N6— [? k* 3 "^ ~ ID ~* ° 6 

GND [7 L_ IT]— COM COMMON 



>01 



OUTPUTS 



Outline 14P4 



CIRCUIT SCHEMATIC 



20 k 

INPUT o-» 



-►f-7-oCOM 



|20k 



CM 

i * 



— i-o GND 

unit : a 



14-pin molded plastic DIP 
ABSOLUTE MAXIMUM RATINGS (T a =-20~+75°C, unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


VcEO 


Output sustaining voltage 


Transistor OFF 


-0. 5 h40 


V 


lc 


Collector current 


Transistor ON 


150 


mA 


v, 


Input voltage 




-40 — h40 


V 


'f(D) 


Clamp diode forward current 




150 


mA 


Vr ( d) 


Clamp diode reverse voltage / 




40 


V 


Pd 


Power dissipation 


T a =25°C 


1.47 


W 


T opr 


Operating ambient temperature range 




-20 — h75 


°C 


T sta 


Storage temperature range 




-55 — H25 


°C 



RECOMMENDED OPERATIONAL CONDITIONS (T a =-20~+75°C, unless otherwise noted) 



Symbol 


Parameter 


Limits 


Unit 


Mm 


Typ 


Max 


V 0 


Output voltage 


0 




40 


V 


lc 


Collector current 
per channel 


Percent duty cycle 

less than 50% 


0 




150 


mA 


V,h 


"H" Input voltage 


l c =150mA 


7 




35 


V 


v 1L 


"L" Input voltage 


'otfeakr^OM 


0 




1 


V 
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MITSUBISHI BIPOLAR DIGITAL ICs 

M54527P 



6-UNIT 150mA DARLINGTON TRANSISTOR ARRAY WITH CLAMP DIODE 



ELECTRICAL CHARACTERISTICS (T a =-20~+75°C, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Mm 


Typ* 


Max 


V(BR)CEO 


Output sustaining voltage 


l CE o=100 / uA 


40 






V 


VcE(sat) 


Output saturation voltage 


V,=7V, l c = 150mA 




1.4 


1.7 


V 


V,=7V, l c = 100mA 




1.2 


1.4 


'i 


Input current 


V,=18V 




0.9 


1.8 


mA 


V,=35V 




1.9 


5 


Ir 


Input leakage current 


V,=-35V 






-20 


M A 


Vf ( d) 


Clamp diode forward voltage 


lF(D) = 150mA 




1.15 


1.6 


V 


Ir(D) 


Clamp diode leakage current 


Vr (D )=40V 






100 


A/A 


h FE 


DC forward current gain 


V C e=4V, l c = 150mA, T a =25°C 


800 


2500 







* : All typical values are at T a =25°C. 



TYPICAL CHARACTERISTICS 



ALLOWABLE COLLECTOR CURRENT 
AS A FUNCTION OF DUTY CYCLE 



200 

















































































— ^ 




• T 


ie cu 


rent 


s 














- s 

V 

• R 


lown 
alue p 
epeti 
eque 
10Hz 


Dy the 
er output 

Iva 1 














F 


ncy 
















- w me numoer in 
O is the number 
of outputs conduc 


mg 












s 

•T 


multaneous 
a=25°C 


iy 





















































20 40 60 80 100 

DUTY CYCLE {%) 



O 
O 



ALLOWABLE COLLECTOR CURRENT 
AS A FUNCTION OF DUTY CYCLE 











































































































• T 


ie cu 


rrent 


s 














siiuwii uy uiu 
value per output 
• Repetitive i 














Frequency I 
^10Hz I 














- »The number in — < 
O is the number 
of outputs conduc 


ting 












s 

• T 


multa 
a =75 


neou 

"C 


siy 































1 ~ 3 



DUTY CYCLE {%) 



OUTPUT CURRENT 

CHARACTERISTICS 















































V CE 


=4V 


















— T a =i 


5°C 
5°C 
20°C 
















— 1 


a =- 

















































































































DC CURRENT GAIN 

CHARACTERISTICS 
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V CE =4V 






















— T a =75°C 

— T a =25°C 

- T a =-20°C • — 
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INPUT VOLTAGE V,(V) 



COLLECTOR CURRENT l c (mA) 
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MITSUBISHI BIPOLAR DIGITAL ICs 

M54571P 

6-UNIT 350mA TRANSISTOR ARRAY AND MOTOR DRIVER 



DESCRIPTION 

The M54571 P, 6-channel sink driver and voltage regulator, is 
designed for use with a small printer. 

FEATURES 

• High output sustaining voltage to 40V 

• High output sink current to 350mA 

• Voltage regulator with a control circuit 

• Wide operating temperature range (T a =— 20~H-75 °C ) 

APPLICATION 

Small calculator printer driver 

FUNCTION 

The M54571P is designed for driving a small serial printer 
made by CITIZEN and EPSON, and consists of 6 relay driv- 
ers and 1.2A motor driver. Each driver has 4. 3k H series in- 
put resistor and output transient suppression diode. The 
driver outputs are capable of sinking 350mA and will with- 
stand 43V in the OFF state. The output of the motor driver at 
pin 18 can drive 1. 2A. 




20-pin molded plastic DIP 



PIN CONFIGURATION (TOP VIEW) 

— cr— 



INPUTS «< 



V s 


E 


Idf 


E 


NC 


e 


GND 


E 


" IN1 


-E 


IN2 


-E 


IN3 

< 


-E 


IN4 


-E 


IN5 


-E 


^ IN6 






> OUTPUTS 



Outline 20P4 nc : no connection 



CIRCUIT SCHEMATIC 



01 
Q-- 



150k 



2 k j^I3K 




150k 



600k; 



06 
-- OV P 
O 



COM 



lD ; 2ok f\i 30k f j j 4 Sk^k 




Unit : n 



ABSOLUTE MAXIMUM RATINGS (T a =-20~+75°C, unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


Vcc 


Supply voltage 




40 


V 


Vceo 


Output sustaining voltage 




-0. 5 h40 


V 


'ci 


Collector current 


Tn 


100 


nA 


'C2 


T r2 


:oo 


mA 


'C3 


Trs 


100 


mA 


IC4 


Spike current 2A max 

Tf4 ,1 

Pulse widths 5 ms, Duty cycled 5 % 


1200 


mA 


IC7 


T r 7 (Per channel) 


350 


nA 


v, 


Input voltage 


INI — IN6 


40 


V 


V|(|DF) 




40 


V 


Vr(|DF) 


Input reverse voltage 




-45 


V 


Vr ( D) 


Clamp diode reverse voltage 




40 


V 


'F(D) 


Clamp diode forward current 




350 


mA 


Pd 


Power dissipation 


T a =25°C 


1.79 


W 


T opr 


Operating ambient temperature range 




-20 — h75 


°C 


T sta 


Storage temperature range 




-55—+125 


°C 
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MITSUBISHI BIPOLAR DIGITAL ICs 

M54571P 



6-UNIT 350mA TRANSISTOR ARRAY AND MOTOR DRIVER 



RECOMMENDED OPERATIONAL CONDITIONS (T a =-20~+75 o C, unless otherwise noted) 



Symbol 


Parameter 


Limits 


Unit 


Min 


Typ 


Max 


Vcc 


Supply voltage 


8 




40 


V 


v P 


Supply voltage 


4 




18 


V 


V s 


Reference voltage 




10 




V 




Collector current 


01-06 


5 




250 


mA 


lc 


01—06 


0 




100 


V|(|DF) 










-35 


V 


Input voltage 




9 




17 


v, 




IN1~IN6 


9 




17 


V 


V 0 


Output voltage 


01—06 


0 




40 


V 



ELECTRICAL CHARACTERISTICS (T a =-20~+75°C, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


VbR(CEO) 


Output sustaining voltage 


Iceo =1 00/2 A, V P =5V, (01 ~07) 


40 






V 


VcE<sat) 


i 

Collector emitter saturation voltage 


i 


V P =6. 5V, V, =3V, l c =250mA 






0.8 


V 


V P =3V, V, =2. 4V, l c = 1 20mA 






0.5 


Tn 


l B =1 mA, l c =10mA, V P =0V 






0.5 


T r2 


Vi ( idf)=10V, l vs = 100mA 






0.5 


T r3 


V, ( vs) =3V, l V ; =30mA, V l(lDF) =0V 






0.4 


T r4 


l vs =50mA, l VP =0. 3V, V, ( | DF) =0V 






0. 45 


l vs =80mA, Ivp =1 A V„idf) =0V 






1.2 




Input current 


V P =6V, V, =10V, (IN1-IN6) 






3.5 


mA 


'l(IDF) 


V|(, DF) =10V 






6.5 


mA 


•l(Vs) 


V, (VS ,=3V, V| (IDF) =0V 






26 


mA 


'r(IDF) 


Input leakage current 


V R( i DF) =-35V 






—20 


A/A 


Vfcd> 


Clamp diode forward voltage 


l F(D) =250mA 






2.4 


V 


I V p 


Supply current 


V P =17V, V, =10V (all input) 






240 


mA 


V P =5V, V,=10V(all input) 






60 


h FE 1 


DC forward current gain 




l c =50mA, V CE =4V, T a =25°C 


100 








h FE 2 


DC forward current gain 


Tf4 


l c =1A, V CE =4V, T a =25°C 


80 








h FE 3 


DC forward current gain 


01—07 


V P =6. 5V, l c =350mA, V CE =4V, T a =25°C 


1000 
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MITSUBISHI BIPOLAR DIGITAL ICs 

M54571P 



6-UNIT 350mA TRANSISTOR ARRAY AND MOTOR DRIVER 




MOTOR DRIVER OUTPUT 
SATURATION CHARACTERISTICS 

















































Ivs =50rr 


A 








- T a = 75°C 






T a = 25°C 








- T a =-2( 


)°C 









































































0 5 10 15 2 0 2.5 

OUTPUT SATURATION VOLTAGE V CE (sat)(V) 



ZD 
O 

<r 
O 



MAGNET RELAY DRIVER OUTPUT 
SATURATION CHARACTERISTICS 

500 r 







I 

=3V 


















/p=6 


5V 














— i a — /o u 

T a =25°C 




/ j 

s 


U 










' 


r a = 


-20'C 


-y 


/ / 
















—7 
/ 
/ / 


/ 
















/ 


T~f-\ 
















* 















































































OUTPUT SATURATION VOLTAGE V CE (sat)(V) 



TYPICAL APPLICATION 

V B O-t- 

l Vcc 




NOTE 





V B 


V Z1 


z 2 


Magnet Relay 
Drive Current 


EPSON Printer 


15~40V 


18V 




90mA 


CITIZEN Printer 


3 — 9 V 


6 V 


connect between 
the V P and the COM 


• 250mA 
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ELECTRIC 



MITSUBISHI BIPOLAR DIGITAL ICs 

M54514AP 



7-UNIT 50mA TRANSISTOR ARRAY 



DESCRIPTION 

The M54514AP, 7-channel sink drivers, consists of 7 NPN 
transistors with 2. 8k H series input resistors. 

FEATURES 

• Output breakdown voltage to 20V 

• 50mA output sink current capability 

• Low output saturation voltage 

• Wide operating temperature range (T a = —20 — h75°C ) 
APPLICATION 

LED or incandescent display digit driver 
FUNCTION 

The M54514AP is comprised of seven NPN drivers. Each in- 
put has a voltage divider by 2. 8k O and 10kH resistors. All 
emitters and the substrate are connected together to pin 8 . 
The open collector outputs are capable of sinking 50mA and 
will withstand 20V in the OFF state. 




16-pin molded plastic DIP 



PIN CONFIGURATION (TOP VIEW) 

-* 01 



INPUTS s 



IN1 




> OUTPUTS 



Outline 16P4 



NC : NO CONNECTION 



CIRCUIT SCHEMATIC 



2.8k 

INPUT O WV 



-O OUTPUT 



-i-HD GND 



Unit : ft 



ABSOLUTE MAXIMUM RATINGS (T a =-20~+75°C, unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


VcEO 


Output sustaining voltage 


Transistor OFF 


-0. 5 — h20 


V 


lc 


Collector current 


Transistor ON 


50 


mA 


V, 


Input voltage 




10 


V 


Pd 


Power dissipation 


T a =25°C 


1.47 


W 


T opr 


Operating ambient temperature range 




-20 — h75 


°C 


Tsta 


Storage temperature range 




-55 — H25 


°C 



RECOMMENDED OPERATIONAL CONDITIONS (T a =-20~+75t: ) unless othewise notedK 



Symbol 


Parameter 


Limits 


Unit 


Min 


Typ 


Max 


Vo 


Output voltage 


0 




20 


V 


lc 


Collector current 


0 




20 


mA 


V IH 


"H" Input voltage 


l c =50mA 


2.4 




8 


V 


v, L 


"L" Input voltage 




0 




0.2 


V 
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MITSUBISHI BIPOLAR DIGITAL ICs 

M54514AP 



7-UNIT 50mA TRANSISTOR ARRAY 



ELECTRICAL CHARACTERISTICS (T a =-20~+75 o C, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


'o(leak) 


Output leakage current 


V o =20V 






20 


MA 


VcE(sat) 


Output saturation voltage 


V,=2. 4V 


l c =20mA 




0. 04 


0.17 


V 


l c =40mA 




0. 08 


0. 23 


1. 


Input current 


V,=2. 4 V 




0.7 


1. 1 


mA 




DC forward current gain 


V CE =4V, l c =40mA, T a =25°C 


80 


200 







TYPICAL CHARACTERISTICS 



o 
o 



o 
o 



OUTPUT CURRENT 

CHARACTERISTICS 



OUTPUT CHARACTERISTICS 













7 




■ 7 
/ 

-i — 


















t 


/ 
/ 








I — V 


CE =4V 

- T a =75 


C 












T a =25°C 










































i 








































1 




































/. 















QC 
ZD 
O 
DC 
O 
I- 

o 



o 
o 













/ 

• 


















P 






































V- 


















4 










= 2.4 


1 








t/i 








— T a =75"C 
















— 1 


a —<■ 
"a =- 


20°C 

































































0.20 



INPUT VOLTAGE V,(V) 



0 0.05 0.10 0.15 

OUTPUT SATURATION 

VOLTAGE V CE(sat) (V) 



DC CURRENT GAIN 

CHARACTERISTICS 



< 



o 

Q 



V CE =4V_ 



~* T a =75°C 

T a =25°C 

T a =-20°C 



COLLECTOR CURRENT l c (mA) 
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A MITSUBISHI 
ELECTRIC 



MITSUBISHI BIPOLAR DIGITAL ICs 

M54515P 

7-UNIT 16mA TRANSISTOR ARRAY 



DESCRIPTION 

The M54515P, transistor array, consists of seven NPN tran- 
sistors and is connected in a common-emitter configuration. 

FEATURES 

• Output breakdown voltage to 1 7V 

• 16mA output sink current capability 

• Wide operating temperature range (T a =— 20~+75°C ) 

APPLICATION 

LED or incandescent display driver 

FUNCTION 

The M54515P is comprised of seven NPN transistors. All 
emitters and the substrate are connected together to pin 8. 
The outputs are capable of sinking 16mA and will withstand 
17V in the OFF state. 




16-pin molded plastic DIP 



PIN CONFIGURATION (TOP VIEW) 



INPUT IN1 




OUTPUT 01 


-[I 


INPUT IN2 




OUTPUT 02 




INPUT IN3 




OUTPUT 03 




NC 


U 


GND 





161 — 


IN7 INPUT 


15]— 


07 OUTPUT 


14) «- 


IN6 INPUT 


Hh 


06 OUTPUT 


!- 


IN5 INPUT 




05 OUTPUT 


U— 


IN4 INPUT 


IF 


04 OUTPUT 



Outline 16P4 



NC : NO CONNECTION 



CIRCUIT SCHEMATIC 



INPUT O- 



-O OUTPUT 



-O GND 



Unit : n 



ABSOLUTE MAXIMUM RATINGS (T a =-20~+75 °C, unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


Vceo 


Output sustaining voltage 


Transistor OFF 


-0. 5 — H7 


V 


V, 


Input voltage 




1.2 


V 


lc 


Collector current 


Transistor ON 


16 


mA 


T opr 


Operating ambient temperature range 




—20 — h75 


°C 


Tstq 


Storage temperature range 




—55 — H25 


°C 



RECOMMENDED OPERATIONAL CONDITIONS (T a =-20~-R5r, unless otherwise noted) 



Symbol 


Parameter 


Limits 


Unit 


Min 


Typ 


Max 


V 0 


Output voltage 


0 




17 


V 


lc 


Collector current per channel 


0 




16 


mA 
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MITSUBISHI BIPOLAR DIGITAL ICs 

M54515P 



7-UNIT 16mA TRANSISTOR ARRAY 



ELECTRICAL CHARACTERISTICS (T a =-20~+75°C, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


V(BR)CEO 


Output sustaining voltage 


l OH =100^A 


17 






V 


v cE(sat) 


Output saturation voltage 


loL = 16mA, l B =0. 5mA 




0. 14 


0.5 


V 


VBE(sat) 


Base-emitter saturation voltage 


loL^IBmA, l B — 0. 5mA 




0. 64 


1.2 


V 




DC forward current gain 


V C e=5V, l c =16mA, T a =25°C 


32 


50 






'o(leak) 


Output leakage current 


V 0 =17V, V,=0. 2V 






700 





TYPICAL CHARACTERISTICS 

OUTPUT CURRENT 

CHARACTERISTICS 



o 
o 













j 
i 


















h 

i 












VoE- 

— T a 


4V 

= 75t 


















— T a =25°C 

- T a =-20°C 










































l 


















-t 


















-j- 






) 



0 2 0 4 0 6 0 i 

INPUT VOLTAGE V,(V) 



DC CURRENT GAIN 

CHARACTERISTICS 



3 
O 



T a =75°C 

T a =25°C 
T a =-20°C 



=4V_ 



1 3 5 7 10 3 5 7 100 

COLLECT CURRENT l c (mA) 
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A MITSUBISHI 
ELECTRIC 



MITSUBISHI BIPOLAR DIGITAL ICs 

M54577P,FP 



7-UNIT 30mA TRANSISTOR ARRAY 



DESCRIPTION 

The M54577P, FP, 7-channel sink driver, consists of 14 NPN 
transistors connected to form high current gain driver pairs. 

FEATURES 

• Output breakdown voltage to 30V 

• Output sink current to 30mA 

• PMOS, CMOS Compatible input 

• Low output saturation voltage 

• Wide operating temperature range (T a =— 20~+75°C ) 
APPLICATION 

LED or incandescent display digit driver 
FUNCTION 

The M54577P, FP uses a predriver stage with a diode and 
23k CI resistor in series to the input. The power supply of the 
predrivers is connected to pin 9 . The outputs are capable of 
sinking 30mA and will withstand 30V in the OFF state. The 
M54577FP features a small flat mold package. 




4P 



PIN CONFIGURATION (TOP VIEW) 










, IN1-*[T 


> 


n— 01 > 






IN2-+J7 


1> 


02 






IN3-*E 


t» 


I3-* 03 




INPUTS < 


IN4-+E 


>> 


HI— 04 


► OUTPUTS 






— >— 


05 






IN6-+GE 


— > — 


ID-* 06 






L IN7-+E 


— > — 


a— 07 j 




GND E 




U V cc 


Outline 


16P2 (M54577FP) 


Outline 


16P4 (M54577P) 



CIRCUIT SCHEMATIC 

Vcc 



INPUT < 




OUTPUT 



-o GND 



Unit : n 



16-pin molded plastic DIP 16-pin molded plastic FLAT 



ABSOLUTE MAXIMUM RATINGS (T a =-20~+75C, unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


Vcc 


Supply voltage 




13 


V 


Vceo 


Output sustaining voltage 


Transistor OFF 


-0. 5-+30 


V 


•c 


Collector current 


Transistor ON 


30 


mA 


V, 


Input voltage 




-20 — h30 


V 


Topr 


Operating ambient temperature range 




-20—1-75 


°C 


Tstq 


Storage temperature range 




-55 — H25 


°C 



RECOMMENDED OPERATIONAL CONDITIONS (T a 



-20 — r-75°C, unless otherwise noted) 



Symbol 


Parameter 


Limits 


Unit 


Mm 


Typ 


Max 


Vcc 


Supply voltage 


4.5 


5 


13 


V 


'c 


Collector current per channel 


0 


10 


20 


mA 


V,H 


"H" Input voltage l c =20mA 


3 




Vcc 


V 


V, L 


"L" Input voltage 


0 




1 


V 
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MITSUBISHI BIPOLAR DIGITAL ICs 

M54577P,FP 



7-UNIT 30mA TRANSISTOR ARRAY 



ELECTRICAL CHARACTERISTICS (T a =-20~+75 o C, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Mm 


Typ 


Max 


'o (leak) 


Output leak current 


V CE =30 V 






100 


MA 


v ce (sat) 


Output saturation voltage 


V cc =4. 5 V, V, =3 V, l c =10 mA 






0. 25 


V 


V cc =6 V, V, =3 V, lc =20 mA 






0. 35 


1, 


Input current 


V cc =4- 5 V, V, =3 V 


30 




90 


mA 


•cc 


Supply current per channel 
Can only output conducting) 


V cc =4. 5 V, V, =3 V 




0.4 


0.9 


mA 


V cc =13 V, V,=3V 




1.3 


2.3 


h FE 


DC forward current gain 


Vce =4 V, V cc =4. 5 V, l c =20 mA, T a =25°C 


500 


1200 







TYPICAL CHARACTERISTICS 

OUTPUT CURRENT 

CHARACTERISTICS 



Z) 

o 
cc 
O 

























V cc = 
V CE = 


* 5V 
IV 
















T a =75 

Ta =25 


C 
C 
















T 


i=-2 










































1 

-J- 




































/ 


J 











DC CURRENT GAIN 

CHARACTERISTICS 



o 

Q 





-Vcc 


=4 5^ 

=4V 

T a '= 


/-- 


















V CE 














y 








75X 








/ 








T a =25°C 




/ 














la 




-zu 




/ 
/ / 




y 


✓ 




































<- 


^- 




* 






































"7 

^— 








* 




















* 



















5 7 100 



INPUT VOLTAGE V,(V) 



COLLECTOR CURRENT l c (mA) 
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A MITSUBISHI 
ELECTRIC 



MITSUBISHI BIPOLAR DIGITAL ICs 

M54537P 

7-UNIT 350mA TRANSISTOR ARRAY 



DESCRIPTION 

The M54537P, 7-channel sink driver, consists of 14 NPN tran- 
sistors connected to form high current gain driver pairs. 

FEATURES 

• Output breakdown voltage to 20V 

• High output sink current to 250mA 

• PMOS Compatible input 

• Low output saturation voltage 

• Wide operating temperature range (T a =—20 — h75°C) 

APPLICATION 

Relay and printer driver, LED or incandescent display 
digit driver, Interfacing for standard MOS/BIPOLAR 
logics 

FUNCTION 

The M54537P uses a predriver stage with 2kfl series input 
resistor. The power supply of the predrivers is connected to 
pin 9 . All emitters and the substrate are connected together 
to pin 8 . The outputs are capable of sinking 250mA and will 
withstand 20V in the OFF state. 



PIN CONFIGURATION (TOP VIEW) 



INPUTS 



IN1 
IN 2 
IN 3 - 
IN4 - 
IN 5 - 
IN 6 
IN 7- 
GND 



-E — O^- 

eH>- 

E— {>- 
E— £>- 
-E— O- 
E — [>- 
E 



3- 



•01 
>02 
-Mj — 03 

-n] -.04 

-12] -.05 
-u\ -.06 
-To] -.07 



OUTPUTS 



Outline 16P4 



CIRCUIT SCHEMATIC 



380 



-r— o'Vo 



-o OUTPUT 



* z 



-J — i- 



-o GND 

unit : a 



RECOMMENDED OPERATIONAL CONDITIONS (T a =-25~+75°C, unless otherwise noted) 



Symbol 


Parameter 


Limits 


Unit 


Mm 


Typ 


Max 


Vcc 


Supply voltage 


3 




8 


V 


V 0 


Output voltage 


0 




20 


V 


lc 


Collector current 
per channel 


V cc =6. 5V 
Percent duty cycle 
less than 40% 


0 




250 


mA 


V cc =6. 5V 
Percent duty cycle 
less than 65% 


0 




150 


V, H 


"H" Input voltage 


l c =250mA 


3 




6 


V 


V, L 


"L" Input voltage 


•o (leak) = 50/iA 


0 




0.3 


V 




16-pin molded plastic DIP 



ABSOLUTE MAXIMUM RATINGS (T a =-25~+75°C, unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


Vcc 


Supply voltage 




10 


V 


Vceo 


Output sustaining voltage 


Transistor OFF 


-0. 5 — h20 


V 


lc 


Collector current 


Transistor ON 


350 


mA 


V, 


Input voltage 




10 


V 


Pd 


Power dissipation 


T a =25°C 


1.47 


W 


T opr 


Operating ambient temperature range 




-20 — h75 


°C 


Tstq 


Storage temperature range 




-55 — H25 


°C 
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MITSUBISHI BIPOLAR DIGITAL ICs 

M54537P 



7-UNIT 350mA TRANSISTOR ARRAY 



ELECTRICAL CHARACTERISTICS (T a =-25~+75 0 C, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


V (BR)CEO 


Output sustaining voltage 


V C c=8V, Iceo^IOO/M 


20 






V 


v ce (sat) 


Output saturation voltage 


V,=3V 


V cc =6. 5V, l c =250mA 




0. 28 


0.5 


V 


V CC =3V, l c = 150mA 




0. 17 


0. 35 


1. 


Input current 


V C c=8V, V,=3. 2V 




0.7 


1.5 


mA 


V cc =8V t V,=10V 




3.8 


7.3 


Ice 


Supply current 


V C c=8V, V,=3. 2V 




130 


190 


mA 


h FE 


DC forward current gain 


V CE =4V, V C c=6.5V, l c =250mA, T a =25°C 


1000 


7000 







TYPICAL CHARACTERISTICS 

ALLOWABLE AVERAGE 




o 
o 



OUTPUT CURRENT 

CHARACTERISTICS 




AMBIENT TEMPERATURE T a (°C) 



0.5 1 0 1.5 2.0 

INPUT VOLTAGE V,(V) 



O 
O 



ALLOWABLE COLLECTOR CURRENT 
AS A FUNCTION OF DUTY CYCLE 



• The current is 
shown by the 
value per output 

• Repetitive | " 
Frequency 
^10Hz I 

• The number in — 
O is the number 
of outputs conducting 
simultaneously - 

• T a =25r 



J_L 



ALLOWABLE COLLECTOR CURRENT 
AS A FUNCTION OF DUTY CYCLE 



ID 
O 



o 
o 




• The current is 
shown by the 
value per output. 

• Repetitive 
Frequency 
^10Hz r 

• The number in 
O is the number 
of outputs conducting 
simultaneously "~ 

• T a =75°C 



DUTY CYCLE {%) 



DUTY CYCLE {%) 
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MITSUBISHI BIPOLAR DIGITAL ICs 

M54537P 

7-UNIT 350mA TRANSISTOR ARRAY 



DC CURRENT GAIN 

CHARACTERISTICS 

















^ / 






















































































/ 




s 






























V cc =6. 
V CE =4V 

— T„ = 
























/ / 

r / 














— T a =25°C 


—r 

* 














- T 


a — 


-2 





























10 3 5 7 100 3 5 7 1000 



COLLECTOR CURRENT l c (mA) 
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MITSUBISHI BIPOLAR DIGITAL ICs 

M54535P 



7-UNIT 150mA TRANSISTOR ARRAY WITH CLAMP DIODE AND STROBE 



DESCRIPTION 

The M54535P, 7-channel sink driver, consists of 14 NPN tran- 
sistors connected to form high current gain driver pairs. 

FEATURES 

• Output sink current to 150mA 

• Strobe input control 

• PMOS Compatible input 

• Wide operating temperature range (T a =—20 — f-75°C ) 



APPLICATION 

Relay and printer driver, 
digit driver, Interfacing 
logics 



LED or incandescent display 
for standard MOS/BIPOLAR 



FUNCTION 

The M54535P uses a predriver stage. Each input has a diode 
and 20k O resistor in series to allow a negative voltage input. 
All inputs can be controlled simultaneously by a strobe input 
at pin 18. Each output has an integral diode for inductive 
load transient suppression. 

The cathodes of the diodes and the power supply of the 
predrivers are connected to pin 10. All emitters and the sub- 
strate are connected together to pin 9 . 
The outputs are capable of sinking 150mA and will withstand 
10V in the OFF state. 



FUNCTIONAL TABLE 



IN 


STB 


OUT 


L 


L 


H 


H 


L 


L 


L 


H 


H 


H 


H 


H 



PIN CONFIGURATION (TOP VIEW) 



INPUTS 



IN 1 - 
IN2 - 
IN3 
IN4 
IN5 
IN6 
IN7 



GND [T 



-Ky~ 



E-=t> 
-H-=C> 



-[I-=f> 



-Ti]«-STB STROBE 
INPUT 

-n]-- 01 

-15]-+ 03 
04 

- J3j — ► 05 
12] — 06 

-jTJ-* 07 
To] v cc 



OUTPUTS 



Outline 18P4 



CIRCUIT SCHEMATIC 

INPUT OUTPUT INPUT OUTPUT 

IN1 01 IN7 07 



20k i 450 < 



30k < 



-o V c 




> GND 



Unit : n 




18-pin molded plastic DIP 



ABSOLUTE MAXIMUM RATINGS (T a 20~+75°C, unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


V C c 


Supply voltage 




10 


V 


V 0 


Output voltage 


Transistor OFF 


-0. 5~V CC 


V 


lc 


Collector current 


Transistor ON 


150 


mA 


v, 


Input voltage 




-25 — h20 


V 


V|(STB) 


Strobe input voltage 




20 


V 


Vr( D ) 


Clamp diode reverse voltage 




10 


V 


•f(D) 


Clamp diode forward current 




150 


mA 


Pd 


Power dissipation 


T a =25°C 


1.47 


W 


T opr 


Operating ambient temperature range 




—20 — h75 


°C 


T s ta 


Storage temperature range 




-55 — hi 25 


°C 
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MITSUBISHI BIPOLAR DIGITAL ICs 

M54535P 



7-UNIT 150mA TRANSISTOR ARRAY WITH CLAMP DIODE AND STROBE 



RECOMMENDED OPERATIONAL CONDITIONS (T a =-20~+75°C, unless otherwise noted) 



Symbol 


Parameter 


Limits 


Unit 




Min 


Typ 


Max 


V C c 


Supply voltage 


3 




8 


V 


Vo 


Output voltage 


V CC =10V 


0 




10 


V 


lc 


Collector current 
per channel 


Percent duty cycle 
less than 65% 


0 




150 


mA 


V, H 


"H" Input voltage 


l c =100mA 


7 




18 


V 


V, L 


"L" Input voltage 


0 




0.8 


V 


V|H(STB) 


"H" Input voltage (strobe input) 


V,=12V 


1.3 




6 


V 


V,=20V 


2.4 




6 


V|L(STB) 


"L" Input voltage (strobe input) 


0 




0.2 


V 


ELECTRICAL CHARACTERISTICS (T a =-20~+75°C, unless otherwise noted) 




Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Mm 


Typ* 


Max 


VcE(sat) 


Output saturation voltage 


V| (S TB)=0. 2V 

V CC =6V, l|=300/iA, l c =100mA 




0. 1 


0.3 


V 


V|=7V 

V|(STB)=0. 2V 


V CC =3V 
l c =100mA 




0. 1 


0.3 


V CC =8V 
l c =150mA 




0.16 


0.5 


'o(leak) 


Output leak current 


V CC =8V, V,=0. 8V, V 0 =8V 

V|(STB)=0. 2V 






50 


ma 


1, 


Input current 


V CC =8V, V,=12V 

V,(STB)=0. 2V 




0.5 


1 


mA 


Ir 


Input leakage current 


V CC =8V, V,=-25V 






-20 


MA 


l|(STB) 


Strobe input current 


V,=12V, V t(ST B)=2. 4V 




0.6 


3 


mA 


Vf ( d) 


Clamp diode forward voltage 


l F (D)=150mA 




1.1 


2. 1 


V 


Vr( D ) 


Clamp diode reverse voltage 


l R(D) =100/M 


10 






V 


Ice 


Supply current 


V C c=8V, V,=12V all input 

V, ( STB)=0.2V 




120 


200 


mA 


h FE 


DC forward current gain 


V CE =4V, V CC =6V, l c =150mA, T a =25°C 


700 


2500 







* : The typical value is at T a =25°C 
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MITSUBISHI BIPOLAR DIGITAL ICs 

M54535P 

7-UNIT 150mA TRANSISTOR ARRAY WITH CLAMP DIODE AND STROBE 



TYPICAL CHARACTERISTICS 



ALLOWABLE AVERAGE 

POWER DISSIPATION 




< 

£ 



ID 
O 
CC 

o 



O 

o 



ALLOWABLE COLLECTOR CURRENT 
AS A FUNCTION OF DUTY CYCLE 

























































\ 




X 


























• The current is 
shown by the 
value per output 














• Repetitive T 
Frequency 
SjIOHz | 














' ©The number in 
O is the number 
of outputs conduct 


ing 












- simultaneously. 
• T a =75°C . 

1 1 1 











©~(D 



AMBIENT TEMPERATURE T a CC) 



DUTY CYCLE (%) 



OUTPUT CURRENT 

CHARACTERISTICS 



O 100 
CC 

o 
\- 
o 



o 
o 



















Vcc 


=6V, 
=4V 


V, cs 


TB) =( 


).2V 










= 75°C 
= 25°C 
= -20°C 














■a 

"Ta= 




















i 






























-J 
















J 


i 


i 





INPUT VOLTAGE V,(V) 



DC CURRENT GAIN 

CHARACTERISTICS 




3 5 7 j go 3 57 1000 

COLLECTOR CURRENT l c (mA) 
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MITSUBISHI BIPOLAR DIGITAL ICs 

M54536P 

7-UNIT 150mA TRANSISTOR ARRAY WITH CLAMP DIODE AND STROBE 



DESCRIPTION 

The M54536P, 7-channel sink driver, consists of 14 NPN tran- 
sistors connected to form high current gain driver pairs. 

FEATURES 

• Output sink current to 150mA 

• Strobe input control 

• TTL Compatible input 

• Wide operating temperature range (T a =— 20 — h75°C) 

APPLICATION 

Relay and printer driver, LED or incandescent display 
digit driver, Interfacing for standard MOS/BIPOLAR 
logics 

FUNCTION 

The M54536P uses a predriver stage. Each input has a diode 
and 20k£2 resistor in series to allow a negative voltage input. 
All inputs can be controlled simultaneously by a strobe input 
at pin 18. Each output has an integral diode for inductive 
load transient suppression. 

The cathodes of the diodes and the power supply of the 
predrivers are connected to pin 10. All emitters and the sub- 
strate are connected together to pin 9 . 
The outputs are capable of sinking 150mA and will withstand 
10V in the OFF state. 



FUNCTION TABLE 



IN 


STB 


OUT 


L 


L 


H 


H 


L 


L 


L 


H 


H 


H 


H 


H 



PIN CONFIGURATION (TOP VIEW) 



EE 



INPUTS 



in 1 — |T_rQ > - 

IN2 — [T_r[>- 

IN3 ->U_rt> 



IN4 - 



N5 — |T_zO 



E 



T7" 



IN6-[T_zf>T^- 
IN7 -^[T—D* 



18] «— STB STROBE 
^ INPUT 



j3- 



01 
02 
15] — 0 3 

75]-* 04 



05 



75]-* 06 

7j]— 07 



OUTPUTS 



io] v c , 



Outline 18P4 



CIRCUIT SCHEMATIC 

INPUT OUTPUT INPUT OUTPUT 
IN 1 0 1 



2.3kf 450f 



30k 2 




± 



unit : n 




18-pin molded plastic DIP 



ABSOLUTE MAXIMUM RATINGS (T a =-25~+75°C, unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


Vcc 


Supply voltage 




10 


V 


Vo 


Output voltage 


Transistor OFF 


-0. 5~V CC 


V 


lc 


Collector current 


Transistor ON 


150 


mA 


v, 


Input voltage 




-25 — HO 


V 


V|(STB) 


Strobe input voltage 




20 


V 


Vr( D ) 


Clamp diode reverse voltage 




10 


V 


'f(D) 


Clamp diode forward current 




150 


mA 


Pd 


Power dissipation 


T a =25°C 


1.47 


W 


T opr 


Operating ambient temperature range 




-20 — h75 


°C 


T s ta 


Storage temperature range 




-55 — hi 25 


°C 
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MITSUBISHI BIPOLAR DIGITAL ICs 

M54536P 



7-UNIT 150mA TRANSISTOR ARRAY WITH CLAMP DIODE AND STROBE 



RECOMMENDED OPERATIONAL CONDITIONS (T a =-25~+75°C, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


Vcc 


Supply voltage 




3 




8 


V 


V 0 


Output voltage 


V CC =10V 


0 




10 


V 


lc 


Collector current 
per channel 


Percent duty cycle less than 65% 


0 




150 


mA 


V,H 


"H" Input voltage 


l c = 100mA 


3.2 




6 


V 


V, L 


"L" Input voltage 




0 




0.8 


V 


V|H(STB) 


"H" Input voltage (strobe input) 


V,=3. 5V 


1.3 




6 


V 


V,= 10V 


2.4 




6 


V|L(STB) 


"L" Input voltage (strobe input) 




0 




0.2 


V 


ELECTRICAL CHARACTERISTICS (T a =-25~+75°C, unless otherwise noted) 


Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Mm 


Typ* 


Max 


VcE(sat) 


Output saturation voltage 


V|(STB)=0. 2V 

V C c=6V, l,=300M, l c =100mA 




0.1 


0.3 


V 


V,=3. 2 V 

V,(STB)=0. 2V 


V CC =3V 
l c =100mA 




0.1 


0.3 


V CC =8V 
l c =150mA 




0. 16 


0.5 


'o(leak) 


Output leak current 


V CC =8V, V,=0. 8V, V 0 =8V 

V|(STB)=0.2V 






50 


juA 


1, 


Input current 


V CC =8V, V,=3. 5V 

V|(STB)=0.2V 




0.6 


1.2 


mA 


Ir 


Input leakage current 


V CC =8V, V--25V 






-20 


M A 


'l(STB) 


Strobe input current 


V,=3. 5V, V| ( stb)=2. 4V 




0.9 


3 


mA 


V F (D) 


Clamp diode forward voltage 


If(D)= 150mA - 




1.1 


2.1 


V 


Vr( D ) 


Clamp diode reverse voltage 


lR(D)=100yUA 


10 






V 


'cc 


Supply current 


V CC =8V, V,=3. 5V (all input) 

V|,STB)=0. 2V 




120 


200 


mA 


h FE 


DC forward current gain 


V CE =4V, V CC =6V, l c =150mA, T a =25°C 


700 


3000 







* ; A typical value is at T a =25°C. 
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MITSUBISHI BIPOLAR DIGITAL ICs 

M54536P 



7-UNIT 150mA TRANSISTOR ARRAY WITH CLAMP DIODE AND STROBE 



TYPICAL CHARACTERISTICS 



ALLOWABLE AVERAGE 

POWER DISSIPATION 




o 



o 
o 



ALLOWABLE COLLECT CURRENT 
AS A FUNCTION OF DUTY CYCLE 

200 r 

























































\ 




N 
























• The current is 
shown by the 

value ner niitnut 














• Repetitive 
Frequency 
^10Hz 
















• The number in . 
O is the number 
of outputs conducti 














simultaneously. 
1 1 1 













AMBIENT TEMPERATURE T a (°C) 



DUTY CYCLE (%) 



OUTPUT CURRENT DC CURRENT GAIN 

CHARACTERISTICS CHARACTERISTICS 




0 1 2 3 4 10 3 5 7 100 3 5 7 1000 



INPUT VOLTAGE V,(V) COLLECTOR CURRENT l c (mA) 
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MITSUBISHI BIPOLAR DIGITAL ICs 



M54517P 



7-UNIT 400mA DARLINGTON TRANSISTOR ARRAY 



DESCRIPTION 

The M54517P, 7-channel sink driver, consists of 14 NPN tran- 
sistors connected to form seven high current gain driver 
pairs. 

FEATURES 

• Output sustaining voltage to 25V 

• High output sink current to 400mA 

• PMOS Compatible input 

• Wide operating temperature range (T a =— 20—+ 75°C ) 

APPLICATION 

Relay and printer driver, LED or incandescent display 
digit driver, Interfacing for standard MOS/BIPOLAR 
logics 

FUNCTION 

The M54517P is comprised of seven NPN darlington driver 
pairs with 20kH series input resistors. All emitters and the 
substrate are connected to pin 8. The output are capable of 
sinking 400mA and will withstand 25V in the OFF state. 




16-pin molded plastic DIP 



PIN CONFIGURATION (TOP VIEW) 



INPUTS 



IN6 — |][ 



GND [8 




{> 7l]— 06 

IN7 — \j\ |> 10]— 07 



£x> 13]— 04 

£*> 12]— 05 



OUTPUTS 



]T| NC 



Outline 16P4 



NC : NO CONNECTION 



CIRCUIT SCHEMATIC 



20k 

INPUT O Wr 



-O OUTPUT 



; 20k 



-4 O GND 



unit : n 



ABSOLUTE MAXIMUM RATINGS (T a =-20~+75 6 C, unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


Vceo 


Output sustaining voltage 


Transistor OFF 


-0. 5 — h25 


V 


lo 


Collector current 


Transistor ON 


400 


mA 


V, 


Input voltage 




25 


V 


Pd 


Power dissipation 


T a =25°C 


1.47 


W 


T opr 


Operating ambient temperature range 




-20-+75 


°C 


T sta 


Storage temperature range 




-55 — f-125 


°C 
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MITSUBISHI BIPOLAR DIGITAL ICs 

M54517P 



7-UNIT 400mA DARLINGTON TRANSISTOR ARRAY 



RECOMMENDED OPERATIONAL CONDITIONS (T a =-20~+75'C, unless otherwise noted) 



Symbol 


Parameter 


Limits 


Unit 


Min 


Typ 


Max 


Vo 


Output voltage 


0 




25 


V 


lc 


Collector current 
per channel 


Percent duty cycle 

less than 8 % 


0 




400 


mA 


Percent duty cycle 

less than 40% 


0 




200 


V,H 


"H" Input voltage 


l c =400mA 


8 




20 


V 


l c = 100mA 


5 




20 




"L" Input voltage 


lodeak)=50/M 


0 




0.5 


V 



ELECTRICAL CHARACTERISTICS (T a 20~+75°C, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Mm 


Typ* 


Max 


V(BR)CECT 


Output sustaining voltage 


l CE o=100^A 


25 






V 


VcE(sat) 


Output saturation voltage 


V,=8V, l c =400mA 




1.15 


2.2 


V 


V,=5V, l c =200mA 




0. 95 


1.4 




Input current 


V,=17V 




0.8 


1.8 


mA 


h FE 


DC forward current gain 


V CE =4V, l c =400mA, T a =25°C 


1000 


4500 







* : A typical value is at T a =25°C. 



TYPICAL CHARACTERISTICS 



ALLOWABLE AVERAGE 

POWER DISSIPATION 




DC 
ZD 
O 

<r 
o 



o 
o 



OUTPUT CURRENT 

CHARACTERISTICS 





















Vce = 


4V 




m 






T a =75°( 

T a =25°C 














T a 


=-20 


















































— I 
















/ 









AMBIENT TEMPERATURE T a (°C) 



INPUT VOLTAGE V,(V) 
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MITSUBISHI BIPOLAR DIGITAL ICs 

M54517P 



7-UNIT 400mA DARLINGTON TRANSISTOR ARRAY 



ALLOWABLE COLLECTOR CURRENT ALLOWABLE COLLECTOR CURRENT 

AS A FUNCTION OF DUTY CYCLE AS A FUNCTION OF DUTY CYCLE 




DUTY CYCLE {%) DUTY CYCLE {%) 



DC CURRENT GAIN 

CHARACTERISTICS 







E =4\ 

T_ — 


1 












7> 










V c 


7K 




















T a =25°C 






* * 














Ta 




-2 


0°< 






/ 4 

y 






















/ 




'A 
// 
























i 










































































A 




























'/' 

/ / 
r f 
✓ 





























10 3 5 7 100 3 5 7 1000 



COLLECTOR CURRENT l c (mA) 
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MITSUBISHI BIPOLAR DIGITAL ICs 



M54519P 



7-UNIT 400mA DARLINGTON TRANSISTOR ARRAY 



DESCRIPTION 

The M54519P, 7-channel sink driver, consists of 14 NPN tran- 
sistors connected to form seven high current gain driver 
pairs. 

FEATURES 

• High output sustaining voltage to 40V 

• High output sink current to 400mA 

• PMOS Compatible input 

• Wide operating temperature range {J a =—20 — h75°C) 

APPLICATION 

Relay and printer driver, LED or incandescent display 
digit driver, Interfacing for standard MOS/BIPOLAR 
logics 

FUNCTION 

The M54519P is comprised of seven NPN darlington driver 
pairs with 20kH series input resistors. 
All emitters and the substrate are connected together to pin 
8. The output are capable of sinking 400mA and will with- 
stand 40V in the OFF state. 




PIN CONFIGURATION (TOP VIEW) 



INPUTS 



INI - 

IN2— [F 
IN3— ' [T 
IN4— [J [>o ?3|— 04 



GNb Q[ 



16]— 01 

-t> 15]— 02 

-[> Uj— 03 



IN5— Q[ [> 12]-* 05 



IN6 — [£ £>o TT|— 06 

IN7— [7 £>o 10]— 07 



OUTPUTS 



Outline 16P4 



NC : NO CONNECTION 



CIRCUIT SCHEMATIC 



20k 

INPUT O Wr 



-j O OUTPUT 



-O GND 



Unit : n 



16-pin molded plastic DIP 



ABSOLUTE MAXIMUM RATINGS (T a =-20~+75C unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


VcEO 


Output sustaining voltage 


Transistor OFF 


—0. 5 — h40 


V 


lc 


Collector current 


Transistor ON 


400 


mA 


v, 


Input voltage 




40 


V 


Pd 


Power dissipation 


T a =25°C 


1.47 


W 


Topr 


Operating ambient temperature range 




—20 — h75 


°C 


T sta 


Storage temperature range 




-55 H25 


°C 
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MITSUBISHI BIPOLAR DIGITAL ICs 

M54519P 



7-UNIT 400mA DARLINGTON TRANSISTOR ARRAY 



RECOMMENDED OPERATIONAL CONDITIONS (T a = -20~+75r, unless otherwise noted) 



Symbol 


Parameter 


Limits 


Unit 


Mm 


Typ 


Max 


Vo 


Output voltage 


0 




40 


V 


lo 


Collector current 
per channel 


Percent duty cycle 
less than %% 


0 




400 


mA 


Percent duty cycle 

less than 30% 


0 




200 


V, H 


"H" Input voltage 


l c =400mA 


8 




30 


V 


l c =100mA 


5 




30 


v, L 


"L" Input voltage 


'o(leak) = 50^A 


0 




0.5 


V 



ELECTRICAL CHARACTERISTICS (T a =-20~+75°C, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ* 


Max 


V(BR)CEO 


Output sustaining voltage 


l CE o=100 / uA 


40 






V 


VcE(sat) 


Output saturation voltage 


V,=8V, l c =400mA 




1.2 


2.4 


V 


V,=5V, l c =200mA 




0.9 


1.6 


1, 


Input current 


V,=17V 


0.3 


0.8 


1.8 


mA 




DC forward current gain 


V C e=4V, l c =400mA, T a =25°C 


1000 


6000 







* : A typical value is at T a =25°C . 



TYPICAL CHARACTERISTICS 



ALLOWABLE AVERAGE 

POWER DISSIL 




or 

o 
or 
O 

H 
O 



O 

o 



OUTPUT CURRENT 

CHARACTERISTICS 













• 






r 1 






V 


CE =4\ 


/ 


















=75°C 
=25°C 
















™ Ta - 
































































1 

J- 




















) 


/ 







AMBIENT TEMPERATURE T a (°C) 



INPUT VOLTAGE V,(V) 
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MITSUBISHI BIPOLAR DIGITAL ICs 

M54519P 



7-UNIT 400mA DARLINGTON TRANSISTOR ARRAY 



ALLOWABLE COLLECTOR CURRENT ALLOWABLE COLLECTOR CURRENT 

AS A FUNCTION OF DUTY CYCLE AS A FUNCTION OF DUTY CYCLE 




0 20 40 60 80 100- 0 20 40 60 80 100 



DUTY CYCLE (%) DUTY CYCLE {%) 



DC CURRENT GAIN 

CHARACTERISTICS 



£ 1000 



































4 V 


























=75 


'C 
V. 






— / 
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MITSUBISHI BIPOLAR DIGITAL ICs 

M54528P 

7-UNIT 150mA DARLINGTON TRANSISTOR ARRAY WITH CLAMP DIODE 



DESCRIPTION 

The M54528P, 7-channel sink driver, consists of 14 NPN tran- 
sistors connected to form high current gain driver pairs. 

FEATURES 

• High output sustaining voltage to 40V 

• Output sink current to 150mA 

• Efficient I/O pin layout 

• PMOS compatible input 

• Integral diodes for transient suppression 

• Wide input voltage range from —40V to H-40V 

• Wide operating temperature range (T a =—20 — f-75°C ) 

APPLICATION 

Relay and printer driver, LED or incandescent display 
digit driver, Interfacing for standard MOS/BIPOLAR 
logics 

FUNCTION 

The M54528P is comprised of seven darlington driver pairs. 
Each input has a diode and 20k CI resistor in series to allow 
a negative voltage input. Between pin 9 and each output, 
there are integral diodes for inductive load transient sup- 
pression. All emitters and the substrate are connected 
together to pin 8 . The outputs are capable of sinking 150mA 
and will withstand 40V in the OFF state. 




PIN CONFIGURATION (TOP VIEW) 



INPUTS 



IN2 
IN3 
IN4 
IN5 
IN6 
IN7 



GND f? 



01 
02 
03 

04 } OUTPUTS 
05 
06 

07 . 

COM COMMON 



Outline 16P4 



CIRCUIT SCHEMATIC 



20 k 

INPUT <>->l — -AMr- 



► l t o COM 



\-o OUTPUT 



i-oGND 

Unit : ft 



16-pin molded plastic DIP 



ABSOLUTE MAXIMUM RATINGS (T a =-20~+75°C, unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


Vceo 


Output sustaining voltage 


Transistor OFF 


-0. 5'~+40 


V 


lc 


Collector current 


Transistor ON 


150 


mA 


V, 


Input voltage 




-40 


V 




40 


V 


If 


Clamp diode forward current 




150 


mA 


Vr 


Clamp diode reverse voltage 




40 


V 


Pd 


Power dissipation 


T a =25°C 


1.47 


W 


T opr 


Operating ambient temperature range 




-20-+75 


°C 


Tstq 


Storage temperature range 




-55—+125 


°C 



RECOMMENDED OPERATIONAL CONDITIONS (T a =-20~+75'C, unless otherwise noted) 



Symbol 


Parameter 


Limits 


Unit 


Min 


Typ 


Max 


V 0 


Output voltage 


0 




40 


V 


lc 


Collector current 
per channel 


Percent duty cycle 

less than 40% 


0 




150 


mA 


V, H 


"H" Input voltage 


l c = 150mA 


7 




35 


V 


V, u 


"L" Input voltage 


lodeak)=50M 


0 




1 


V 
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MITSUBISHI BIPOLAR DIGITAL ICs 

M54528P 



7-UNIT 150mA DARLINGTON TRANSISTOR ARRAY WITH CLAMP DIODE 



ELECTRICAL CHARACTERISTICS (T a =-20~+75°C, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Mm 


Typ* 


Max 


V(bR)'CEO 


Output sustaining voltage 


l CEO =100/M 


40 






V 


VcE(sat) 


Output saturation voltage 


V,=7V, l c = 150mA 




1.4 


1.7 


V 


V,=7V, l c = 100mA 




1.2 


1.4 




Input current 


V|=18V 




0.9 


1.8 


mA 


V,=35V 




1.9 


5 


Ir 


Input leakage current 


V,=-35V 






-20 


M A 


Vf ( d) 


Clamp diode forward voltage 


l F(D) = 150mA 




1.15 


1.6 


V 


Ir(D) 


Clamp diode leakage current 


V R(D) =40V 






100 






DC forward current gain 


V C e=4V, l c = 150mA, T a =25°C 


800 


2500 







* : All typical values are at T a =25°C 



TYPICAL CHARACTERISTICS 



ALLOWABLE COLLECTOR CURRENT 
AS A FUNCTION OF DUTY CYCLE 
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ALLOWABLE COLLECTOR CURRENT 
AS A FUNCTION OF DUTY CYCLE 




• The number in 
O is the number 
of outputs conducting - 
simultaneously 

• T a =*75°C 



DUTY CYCLE {%) 



DUTY CYCLE {%) 



OUTPUT CURRENT 

CHARACTERISTICS 
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MITSUBISHI BIPOLAR DIGITAL ICs 



M54523P 



7-UNIT 500mA DARLINGTON TRANSISTOR ARRAY WITH CLAMP DIODE 



DESCRIPTION 

The M54523P, 7-channel sink driver, consists of 14 NPN tran- 
sistors connected to form seven high current gain driver 
pairs. 

FEATURES 

• High output sustaining voltage to 50V 

• High output sink current to 500mA 

• Integral diodes for transient suppression 

• PMOS Compatible input 

• Wide operating temperature range (T a =—20 — h75°C ) 

APPLICATION 

Relay and printer driver, LED or incandescent display 
digit driver, Interfacing for standard MOS/BIPOLAR 
logics. 

FUNCTION 

The M54523P is comprised of seven NPN darlington driver 
pairs with 2. 7k series input resistors. Between pin 9 and 
each output, there are integral diodes for inductive load 
transient suppression. All emitters and the substrate are 
connected together to pin 8. The outputs are capable of 
sinking 500mA and will withstand 50V in the OFF state. 




16-pin molded plastic DIP 



PIN CONFIGURATION (TOP VIEW) 



INPUTS 



IN2— [7 [> 



IN6— [?—{>> 



X' 



IN3-* [7 —[> T — - 

IN4 -►[£ Oot— - 

IN5— [][—-{> 



IN7-[7— - 1*^' 
GND [][ 



]U— 01 
HI— 02 



03 

l|— 04 



12]— 05 
Tl]— 06 



OUTPUTS 



ED— 07 
][] — COM COMMON 



Outline 16P4 



CIRCUIT SCHEMATIC 



2.7k 

INPUT o — • — WV- 



■» f — o COM 



-o OUTPUT 



3k 

WV 



i i 



-4 — • — o GND 



Unit : n 



ABSOLUTE MAXIMUM RATINGS (T a =-20~+75C, unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


V CE o 


Output sustaining voltage 


Transistor OFF 


-0. 5—+50 


V 


lc 


Collector current 


Transistor ON 


500 


mA 


V, 


Input voltage 




30 


V 


If 


Clamp diode forward current 




500 


mA 


Vr 


Clamp diode reverse voltage 




50 


V 


Pd 


Power dissipation 


T a =25°C 


1.47 


W 


T opr 


Operating ambient temperature range 




-20 — h75 


°C 


Tstq 


Storage temperature range 




-55 — hi 25 


°C 
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RECOMMENDED OPERATIONAL CONDITIONS (T a =-20~+75°C, unless otherwise noted) 



Symbol 


Parameter 


Limits 


Unit 


Min 


Typ 


Max 


Vo 


Output voltage 


0 




50 


V 


lc 


Collector current 
per channel 


Percent duty cycle 
less than S% 


0 




400 


mA 


Percent duty cycle 
less than 30% 


0 




200 


V,h 


"H" Input voltage 


l c =400mA 


3. 85 




25 


V 


l c = 100mA 


3.4 




25 


V 


V, L 


"L" Input voltage 


0 




0.5 


V 



ELECTRICAL CHARACTERISTICS (T a — 20~+75t, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Mm 


Typ* 


Max 


lodeak) 


Output leakage current 


V CE =50V 






100 


/M 


v cE(sat) 


Output saturation voltage 


V,=3. 85V, l c =400mA 




1.3 


2.4 


V 


V,=3.85V, l c =200mA 




0. 95 


1.6 


1, 


Input current 


V ( =3. 85V 




0. 95 


1.8 


mA 


V,=25V 




9 


18 


v F 


Clamp diode forward voltage 


l F =400mA 




1.5 


2.4 


V 


Ir 


Clamp diode leakage voltage 


V R =50V 






100 




h FE 


DC forward current gain 


V CE =4V, l c =350mA, T a =25°C 


1000 


2500 







* : All typical values are at T a =25°C 



TYPICAL CHARACTERISTICS 



ALLOWABLE AVERAGE 

POWER DISSIPATION 




cc 
O 



O 

o 



OUTPUT CURRENT 

CHARACTERISTICS 



S 400 



cc 
cc 
z> 
o 









It 




















I 1 




















1 






Vce 


=4V 
















T a =25°C 
















Ta = 


-20°C 








I 
















































































— La 


h 















AMBIENT TEMPERATURE T a CC) 



1 2 3 4 5 

INPUT VOLTAGE V,(V) , 
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ALLOWABLE COLLECTOR CURRENT 



3 
o 
cc 
o 



AS A FUNCTION OF DUTY CYCLE 

500 r 



3 400 




value per output. 
• Repetitive 
Frequency 
^10Hz 
- •The number in- 
O is the number 
_ of outputs conducting 
1 simultaneously 
»T a =25°C 



20 



40 



DUTY CYCLE (%) 



ALLOWABLE COLLECTOR CURRENT 
AS A FUNCTION OF DUTY CYCLE 



O 



o 
o 




60 80 100 



DUTY CYCLE {%) 
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DESCRIPTION 

The M54524P, 7-channel sink driver, consists of 14 NPN tran- 
sistors connected to form high current gain driver pairs. 

FEATURES 

• High output sustaining voltage to 50V 

• High output sink current to 500mA 

• Integral diodes for transient suppression 

• Wide operating temperature range (T a =— 20 — h75°C ) 

APPLICATION 

Relay and printer drivers, LED or incandescent display 
digit driver, Interfacing for standard MOS/BIPOLAR 
logics 

FUNCTION 

The M54524P is comprised of seven NPN darlington driver 
pairs. Between pin 9 and each output, there are integral 
diodes for inductive load transient suppression. All emitters 
and the substrate are connected together to pin 8. The out- 
puts are capable of sinking 500mA and will withstand 50V in 
the OFF state. 




PIN CONFIGURATION (TOP VIEW) 



INPUTS 



IN 1 
IN2 



IN3 ♦ |_3 
IN4 > [7 
IN5 -* | 5 
IN6 > |6 
IN7 1 7 
GND |T 



n-o- 

GE— 1> 

E-O- 



OUTPUTS 



- TeJ *oi 
-Is] 02 

- U\ -> 03 
■13) —04 
■T2] —05 
■U\ -06 
-75] -07 
-T) — COM COMMON 



Outline 16P4 



CIRCUIT SCHEMATIC 



INPUT o- 



T — o COM 



-7 ' — o OUTPUT 



3k 
AAV 



t 1 



-\ — • — o GND 



Unit : n 



16-pin molded plastic DIP 



ABSOLUTE MAXIMUM RATINGS (T a =-20~+75 o C, unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


VcEO 


Output sustaining voltage 


Transistor OFF 


-0. 5 F50 


V 


lc 


Collector current 


Transistor ON 


500 


mA 


If 


Clamp diode forward current 




500 


mA 


V r 


Clamp diode reverse voltage 




50 


V 


Pd 


Power dissipation 


T a =25°C 


1.47 


W 


Topr 


Operating ambient temperature range 




-20 — h75 


°C 


Tsta 


Storage temperature range 




-55-+125 





A MITSUBISHI 
ELECTRIC 



9-63 



MITSUBISHI BIPOLAR DIGITAL ICs 

M54524P 



7-UNIT 500mA DARLINGTON TRANSISTOR ARRAY WITH CLAMP DIODE 



RECOMMENDED OPERATIONAL CONDITIONS (T a — 20-+751C. unless otherwise noted) 



Symbol 


Parameter 


Limits 


Unit 


Min 


Typ 


Max 


V 0 


Output voltage 


0 




50 


V 


lc 


Collector current 
per channel 


Percent duty cycle 
less than 8% 


0 




400 


mA 


Percent duty cycle 
less than 30% 


0 




200 


llH 


"H" Input current 


l c =400mA 


1 




20 


mA 


'iL 


"L" Input current 


0 




20 


juA 



ELECTRICAL CHARACTERISTICS (T a =-20~+75°C, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ* 


Max 


'o(leak) 


Output leakage current 


V CE =50V 






100 




VcE(sat) 


Output saturation voltage 


l,=1mA, l c =400mA 




1.3 


2.4 ' 


V 


h=1mA, l c =200mA 




0. 95 


1.6 


V, 


Input voltage 


l,=1mA 




1.35 


1.7 


V 


v F 


Clamp diode forward voltage 


l F =400mA 




1.5 


2.4 


V 


Ir 


Clamp diode leakage current 


V R =50V 






100 




h FE 


DC forward current gain 


V C e=4V, l c =350mA, T a =25°C 


1000 


2500 







* : All typical values are at T a =25°C 



TYPICAL CHARACTERISTICS 



ALLOWABLE AVERAGE 

POWER DISSIPATION 




CO CO 

< CO 

<S Q 
O 0.5 



0 25 50 75 100 

AMBIENT TEMPERATURE T a (°C) 



O 

o 



o 
o 



OUTPUT CURRENT 

CHARACTERISTICS 



























v CE 


=4\ 


/ 




L 
















75 °C 


















i a — ^ 
T a = -20°C 




























































„. 7 _ 
i 




















+ 






















f 


















I- 











INPUT VOLTAGE V,(V) 
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ALLOWABLE COLLECTOR CURRENT 

AS A FUNCTION OF DUTY CYCLE 

500 r 



o 
I- 
o 



o 
o 




ALLOWABLE COLLECTOR CURRENT 
AS A FUNCTION OF DUTY CYCLE 



o 
o 




DUTY CYCLE {%) 



DUTY CYCLE {%) 



DC CURRENT GAIN 

CHARACTERISTICS 



z 
< 



D 
O 





























v ( 


E — 


4V 




















T a = 75°C 














T a = 25°C 




/; 


s 












■a 








/ 

//, 


f / 

*• 












































✓ 
















-/ 






4' 




















^4 




















— V 

// 


✓ 























3 5 7 100 3 5 7 1000 
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DESCRIPTION 

The M54525P, 7-channel sink driver, consists of 14 NPN tran- 
sistors connected to form high current gain driver pairs. 

FEATURES 

• High output sustaining voltage to 50V 

• High output sink current to 500mA 

• Integral diodes for transient suppression 

• 24V PMOS compatible input 

• Wide operating temperature range (T a =—20 — h75°C ) 

APPLICATION 

Relay and printer driver, LED or incandescent display 
digit driver, Interfacing for standard MOS/BI POLAR 
logics 

FUNCTION 

The M54525P is comprised of seven NPN darlington driver 
pairs. Each input has a Zener diode and 10. 5kO resistor in 
series to limit the input current. Between pin 9 and each out- 
put, there are integral diodes for inductive load transient 
suppression. All emitters and the substrate are connected 
together to pin 8 . The outputs are capable of sinking 500mA 
and will withstand 50V in the OFF state. 



PIN CONFIGURATION (TOP VIEW) 



INPUTS 



-n-o 



IN3— [T— \>°^ " 
IN4 — [T [>cj— - 

IN5 ^[IH> o ]-^- 

IN6— 1> 

|N7 —E — 

GND [8 



2U— 01 

]U— 02 



OUTPUTS 



—►04 

if] — 05 

n]— 06 

K)]— 07 
j]-»COM COMMON 



Outline 16P4 



CIRCUIT SCHEMATIC 



+\ f-oCOM 




o OUTPUT 



i-o GND 




Unit : n 



16-pin molded plastic DIP 



ABSOLUTE MAXIMUM RATINGS (T a =-20~+75°C, unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


Vceo 


Output sustaining voltage 


Transistor OFF 


-0. 5 — h50 


V 


'c 


Collector current 


Transistor ON 


500 


mA 


v, 


Input voltage 




30 


V 


If 


Clamp diode forward current 




500 


mA 


Vr 


Clamp diode reverse voltage 




50 


V 


Pd 


Power dissipation 


T a =25°C 


1.47 


W 


T opr 


Operating ambient temperature range 




-20 — (-75 


°C 


T sta 


Storage temperature range 




-55—+125 


°C 
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RECOMMENDED OPERATIONAL CONDITIONS (T a =-20~+75°C, unless otherwise noted) 



Symbol 


Parameter 


Limits 


Unit 


Min 


Typ 


Max 


Vo 


Output voltage 


0 




50 


V 


lc 


Collector current 
per channel 


Percent duty cycle 
less than 8% 


0 




400 


mA 


Percent duty cycle 
less than 30% 


0 




200 


V, H 


"H" Input voltage 


l c =400mA 


17 




' 25 


V 


v 1L 


"L" Input voltage 


0 




6 


V 



ELECTRICAL CHARACTERISTICS (T a =-20~+75'C, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ* 


Max 


'odeak) 


Input leakage current 


V CE =50V 


li=0mA 






100 


M A 


V,=6V 






500 


VcE(sat) 


Output saturation voltage 


V,= 17V, l c =400mA 




1.3 


2.4 


V 


V|=17V, l c =200mA 




0. 95 


1.6 


I, 


Input current 


V,= 17V 




0. 85 


1.8 


mA 


V,=25V 




1.6 


3.2 


v F 


Clamp diode forward voltage 


l F =400mA 




1.5 


2.4 


V 


Ir 


Clamp diode leakage current 


V R =50V 






100 




h FE 


DC forward current gain 


V CE =4V, l c =350mA, T a =25°C 


1000 


2500 







* : All typical values are at T a =25°C . 



TYPICAL CHARACTERISTICS 



ALLOWABLE AVERAGE 

POWER DISSIPATION 



OUTPUT CURRENT 

CHARACTERISTICS 




O 



o 

H 

o 



o 
o 















i 


f 












=4V 






i 












— T a =7 


5°C 
5°C 
20°C 
















1 


a =" 






















/ 




















— t 
/ 






























































i 




















_f — 
/ 









AMBIENT TEMPERATURE T a (°C) 
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D 
O 



o 
o 



ALLOWABLE COLLECTOR CURRENT 
AS A FUNCTION OF DUTY CYCLE 




- ©The number in 
O is the number 
of outputs conducting 
simultaneously 
• T a =25°C | 



ALLOWABLE COLLECTOR CURRENT 
AS A FUNCTION OF DUTY CYCLE" 



O 



o 
I- 
o 



o 
o 



20 



40 




DUTY CYCLE {%) 



DUTY CYCLE (%) 



INPUT CHARACTERISTICS 



z 

Lil 
DC 
0C 
D 
O 

I— 
D 
Q. 
Z 



0,5 





















/ 




















/ 

/ y 








— 1 


"a =7 
"a =2 
a =- 


5°C 
5°C 
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/ 
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INPUT VOLTAGE V,(V) 



DC CURRENT GAIN 

CHARACTERISTICS 



Z 1000 



o 

Q 





























E — 


4V 


















T a =75°C 
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DESCRIPTION 

The M54526P, 7-channel sink driver, consists of 14 NPN tran- 
sistors connected to form high current gain driver pairs. 

FEATURES 

High output sustaining voltage to 50V 
High output sink current to 500mA 
Integral diodes for transient suppression 
PMOS compatible input 

Wide operating temperature range (T a =— 20~H-75°C ) 



APPLICATION 

Relay and printer driver, LED or incandescent display 
digit driver, Interfacing for standard MOS/BIPOLAR 
logics 

FUNCTION 

The M54526P is comprised of seven darlington driver pairs 
with 10. 5kft series input resistors. Between pin 9 and each 
output, there are integral diodes for inductive load transient 
suppression. All emitters and the substrate are connected 
together to pin 8 . The outputs are capable of sinking 500mA 
and will withstand 50V in the OFF state. 




PIN CONFIGURATION (TOP VIEW) 



INPUTS 



,N1 -> Ll 
IN2 Q 

,N3 ~* [I 
IN4-> fT 
IN5-* | 5 
IN6— |6 
IN7-»- 1 7 
GND [T 



n-i> 

E-t> 



3- 

1 

g- 

1- 

1 

33- 

To]- 

H 



OUTPUTS 



► 01 

► 02 
►03 
►04 
►05 
►06 
►07 

►COM COMMON 



Outline 16P4 



CIRCUIT SCHEMATIC 



10 5k 



-» — r — oCOM 



3k 

VvV 



~T ' — o OUTPUT 



i t 



-I — . — o GND 



16-pin molded plastic DIP 



ABSOLUTE MAXIMUM RATINGS (T a =-20~+75°C, unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


V CE b 


Output sustaining voltage 


Transistor OFF 


-0. 5 — K50 


V 


lc 


Collector current 


Transistor ON 


500 


mA 


V, 


Input voltage 




30 


V 


If 


Clamp diode forward current 




500 


mA 


Vr 


Clamp diode reverse voltage 




50 


V 


Pd 


Power dissipation 


T a =25°C 


1.47 


W 


T opr 


Operating ambient temperature range 




-20 — h75 


°C 


Tsta 


Storage temperature range 




-55 hi 25 


°C 
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RECOMMENDED OPERATIONAL CONDITIONS (T a =-20~+75°C, unless otherwise noted) 



Symbol 


Parameter 


Limits 


Unit 


Min 


Typ 


Max 


V 0 


Output voltage 


0 




50 


V 


lc 


Collector current 
per channel 


Percent duty cycle 
less than 8% 


0 




400 


mA 


Percent duty cycle 
less than 30% 


0 




200 


V, H 


"H" Input voltage 


l c =400mA 


8 


10 


25 


V 


v, L 


"L" Input voltage 


0 




0.5 


V 



V 



ELECTRICAL CHARACTERISTICS (T a =-20~+75°C, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Mm 


Typ* 


Max 


'o(leak) 


Output leakage current 


V CE =50V 






100 




v cE<sat) 


Output saturation voltage 


V,=8V, l c = 400mA 




1.3 


2.4 


V 


V,=8V, l c =200mA 




0.95 


1.6 


li 


Input current 


V,= 10V 




0.9 


1.5 


mA 


V,=25V 




2.8 


4. 1 


v F 


Clamp diode forward voltage 


l F =400mA 




1.5 


2.4 


V 




Clamp diode leakage current 


V R =50V 






100 


A* A 




DC forward current gain 


V CE =4V, l c =350mA, T a =25°C 


1000 


2500 







* '. All typical values are at T a =25°C. 



TYPICAL CHARACTERISTICS 



ALLOWABLE AVERAGE 

POWER DISSIPATION 



OUTPUT CURRENT 

CHARACTERISTICS 




o 
o 













-4 




T - 
/ 
1 


















t 














=4V 


















— T a =7 


5°C 
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20°C 
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ALLOWABLE COLLECTOR CURRENT 
AS A FUNCTION OF DUTY CYCLE 




3 
o 

O 



ALLOWABLE COLLECTOR CURRENT 
AS A FUNCTION OF DUTY CYCLE 




• The current is 
shown by the 
value per output 

• Repetitive 
Frequency 
^10Hz 

• The number in 
O is the number 
of outputs conducting 
simultaneously. 



20 



40 



DUTY CYCLE {%) 
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DESCRIPTION 

The M54530P, 7-channel sink driver, consists of 14 NPN tran- 
sistors connected to form seven high current gain driver 
pairs. 

FEATURES 

• High output sustaining voltage to 40V 

• High output sink current to 400mA 

• Integral diodes for transient suppression 

• PMOS compatible input 

• Wide operating temperature range (T a = —20 — r-75°C ) 

APPLICATION 

Relay and printer driver, LED or incandescent display 
digit driver, Interfacing for standard MOS/BIPOLAR 
logics 

FUNCTION 

The M54530P is comprised of seven NPN darlington driver 
pairs with 20kH series input resistors. Between pin 9 and 
each output, there are integral diodes for inductive load 
transient suppression. All emitters and the substrate are 
connected together to pin 8 . The outputs are capable of 
sinking 400mA and will withstand 40V in the OFF state. 




PIN CONFIGURATION (TOP VIEW) 



INPUTS 



IN1 — Q] E>°f~ 

IN2 — (7 0>|— - 

IN3^[3]-4>> T — 1 



Or 



l IN7— \J £>c- 

GND [8 



lN6 — GE — £>■ 



01 

T5j— 02 
13]— 04 



T2] — 05 
TT|— 06 



OUTPUTS 



K)]— 07 
J]-* COM COMMON 



Outline 16P4 



CIRCUIT SCHEMATIC 



INPUT c 



->H~oCOM 



-o OUTPUT 



-i-0GND 



Unit : n 



16-pin molded plastic DIP 



ABSOLUTE MAXIMUM RATINGS (T a =-20~+75'C, unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


V CEO 


Output sustaining voltage 


Transistor OFF 


-50-+40 


V 


lc 


Collector current 


Transistor ON , 


400 


mA 


v, 


Input voltage 




40 


V 


'f 


Clamp diode forward current 




. 400 


mA 


v R 


Clamp diode reverse voltage 




40 


V 


Pd 


Power dissipation 


T a =25°C 


1.47 


W 


T opr 


Operating ambient temperature range 




-20 — h75 


°C 


Tstq 


Storage temperature range 




-55-+125 


°C 
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RECOMMENDED OPERATIONAL CONDITIONS (T a =-20~+75°C, unless otherwise noted) 



Symbol 


Parameter 


Limits 


Unit 


Mm 


Typ 


Max 


Vo 


Output voltage 


0 




40 


V 


lc 


Collector current 
per channel 


Percent duty cycle 
less than 8% 


0 




400 


mA 


Percent duty cycle 
less than 30% 


0 




200 


V, H 


"H" Input voltage 


l c =400mA 


8 




35 


V 


l c =200mA 


5 




35 


V 




"L" Input voltage 


lodeak) = 50//A 


0 




0.5 


V 



ELECTRICAL CHARACTERISTICS (T a =-20~+75°C, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ* 


Max 


V(BR)CEO 


Output sustaining voltage 


I CE r=100^A 


40 






V 


v CE(sat) 


Output saturation voltage 


V,=8V, l c =400mA 




1.3 


2.4 


V 


V,=5V, l c = 200mA 




1 


1.6 


1, 


Input current 


V,=17V 




0. 85 


1.8 


mA 


V,=35V 




2.0 


3.8 


v F 


Clamp diode forward voltage 


l F(D) =400mA 




1.5 


2.4 


V 


V R 


Clamp diode reverse voltage 


V R(D) =100/iA 


40 






V 


hFE 


DC forward current gain 


V C e=4V, l c =300mA, T a =25°C 


1000 


3500 







* : All typical values are at T a =25°C. 



TYPICAL CHARACTERISTICS 



ALLOWABLE AVERAGE 

POWER DISSIPATION 
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7-UNIT 400mA DARLINGTON TRANSISTOR ARRAY WITH CLAMP DIODE 



DESCRIPTION 

The M54531P, 7-channel sink driver, consists of 14 NPN tran- 
sistors connected to form high current gain driver pairs. 

FEATURES 

• High output sustaining voltage to 40V 

• High output sink current to 400mA 

• Integral diodes for transient suppression 

• PMOS compatible input 

• Wide input voltage range from —40V to +40V 

• Wide operating temperature range (T a = —20 — f-75°C ) 

APPLICATION 

Relay and printer driver, LED and incandescent display 
digit driver, Interfacing for standard MOS/BIPOLAR 
logics 

FUNCTION 

The M54531P is comprised of seven NPN darlington driver 
pairs. Each input has a diode and 20k H resistor in series to 
allow a negative voltage input. Between pin 9 and each out, 
there are integral diodes for inductive load transient sup- 
pression. All emitters and the substrate are connected 
together to pin 8 . The outputs are capable of sinking 400mA 
and will withstand 40V in the OFF state. 




PIN CONFIGURATION (TOP VIEW) 



IN1 — [Tj Qoj ^ [16}- 



|N2 — H. — 1>°" 

IN3— [J 1> 



E— t>i — HiIH 04 



IN5— qt — [> 
IN6— [? — ^ 



15]— 02 
14]— 03 



GND Q[ ID - * C0M COMMON 



12]— 05 

TT|— 06 



10]— 07 



OUTPUTS 



Outline 16P4 



CIRCUIT SCHEMATIC 



20 k 

INPUT o-W WW 



oCOM 



-o OUTPUT 



ki i 



-4 — i-o GND 



Unit : a 



16-pin molded plastic DIP 



ABSOLUTE MAXIMUM RATINGS (T a =-20~+75°C, unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


Vceo 


Output sustaining voltage 


Transistor OFF 


-0. 5 — h40 


V 


'c 


Collector current 


Transistor ON 


400 


mA 


V, 


Input voltage 




—40 — 1-40 


V 


'f(d) 


Clamp diode forward current 




400 


mA 


Vr( D ) 


Clamp diode reverse voltage 




40 


V 


Pd 


Power dissipation 


T a =25°C 


1.47 


W 


T opr 


Operating ambient temperature range 




-20-+75 


°C 


Tsta 


Storage temperature range 




-55 — H25 


°C 
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RECOMMENDED OPERATIONAL CONDITIONS (T a =-20~+75°C, unless otherw.se noted) 



Symbol 


Parameter 


Limits 


Unit 


Mm 


Typ 


Max 


Vo 


Output voltage 


0 




40 


V 


lc 


Collector current 
per channel 


Percent duty cycle 
less than 8% 


0 




400 


mA 


Percent duty cycle 
less than 30% 


0 




200 


V IH 


"H" Input voltage 


l c =400mA 


9 




35 


V 


l c =200mA 


6 




35 




"L" Input voltage 


lodeak) = 50^A 


0 




1 


V 



ELECTRICAL CHARACTERISTICS (T a =-20~+75°C, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ* 


Max 


V(BR)CEO 


Output sustaining voltage 


l CE o=100>A 


40 






V 


VcE(sat) 


Output saturation voltage 


V,=9V, l c =400mA 




1.3 


2.4 


V 


V,=6V, l c =200mA 




1 


1.6 


1. 


Input current 


V|=18V 




0. 85 


1.8 


mA 


V,=35V 




2.0 


3.8 


Ir 


Input leakage current 


V,=-35V 






-20 




Vfcd) 


Clamp diode forward voltage 


l F(D) =400mA 




1.5 


2.4 


V 


Vr( D ) 


Clamp diode reverse voltage 


l R(D) =100 / uA 


40 






V 




DC forward current gain 


V CE =4V, l c =300mA, T a =25°C 


1000 


3500 







* : All typical values are at T a =25°C. 
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M54513P 

8-UNIT 50mA TRANSISTOR ARRAY 



DESCRIPTION 

The M54513P, 8-channel sink drivers, consists of 8 NPN 
transistors with 2 kfi series input resistors. 

FEATURES 

• High output sustaining voltage of 40V 

• 50mA output sink current capability 

• Wide operating temperature range (T a = —20 — h75°C ) 

APPLICATION 

LED or incandescent display digit driver 
FUNCTION 

The M54513P is comprised of eight NPN drivers. Each input 
has a voltage divider by 2kO and 13. 6kf2 resistors. All emit- 
ters and the substrate are connected together to pin 9 . The 
open collector outputs are capable of sinking 50mA and will 
withstand 40V in the OFF state. 




18-pin molded plastic DIP 



PIN CONFIGURATION (TOP VIEW) 



INPUTS s 



IN5->(T £>0- 

IN6-»[7 [>0- 

IN7 — [7 £>C- 

IN8 — [7 [>0- 

GND [7 



IN1— [7 — [Ts]— 01 ' 

IN2->[7 1>> 

IN3 — [7 [>> 

IN4 — [7 [>> 



3— 02 

Tel — ^ 03 



HI-* 04 

05 

7i]— 06 
J2]— 07 
Tj]— 08 



> OUTPUTS 



Outline 18P4 



NC 



NC I NO CONNECTION 



CIRCUIT SCHEMATIC 
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2k 



-f O OUTPUT 



N 



13.6k ; 



-O GND 



unit : a 



ABSOLUTE MAXIMUM RATrNGS (T a = ~20~+75 °C, unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


Vceo 


Output sustaining voltage 


Transistor OFF 


-0. 5 h40 


V 


'c 


Collector current 


Transistor ON 


50 


mA 


v, 


Input voltage 




10 


V 


T opr 


Operating ambient temperature range 




-20 — h75 


°C 


Tstq 


Storage temperature range 




-55— H 125 


°C 



RECOMMENDED OPERATIONAL CONDITIONS (T a =-20~+75X; i unless otherwise noted) 



Symbol 


Parameter 


Limits 


Unit 


Min 


Typ 


Max 


V 0 


Output voltage 


0 




40 


V 


lc 


Collector current per channel 


0 




20 


mA 


V, H 


"H" Input voltage 


l c =20 mA 


2 




8 


V 


V,l 


"L" Input voltage 




0 




0.2 


V 
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ELECTRICAL CHARACTERISTICS (T a =-20~+75°C, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Mm 


Typ 


Max 


•odeak) 


Output leakage current 


V 0 =40V 






50 


M A 


VcE(sat) 


Output saturation voltage 


V, =2V, l c =12mA 




30 


100 


mV 


V,=2. 5V, l c =30mA 




70 


170 




Input current 


V, =2. 5V 




0. 85 


1.7 


mA 




DC forward current gain 


V CE = 4 V, l c =30mA, T a =25°C 


80 


200 







TYPICAL CHARACTERISTICS 
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M54538P 



7-UNIT 350mA TRANSISTOR ARRAY AND MOTOR DRIVER 



DESCRIPTION 

The M54538P, 7-channel sink driver and a motor driver, is 
designed for use in a thermal printer. 

FEATURES 

• Output breakdown voltage to 20V 

• High output sink current to 350mA 

• Wide operating temperature range (T a =— 20~+75°C) 

APPLICATION 

Thermal printer driver, LED or incandescent display driv- 
er, Interfacing for standard MOS/BIPOLAR logic 

FUNCTION 

The M54538P is designed for use in a thermal printer, con- 
sisting 7-channel thermal head driver and a D-C or stepper 
motor driver. 

The output of the motor driver has a diode for inductive load 
transient suppression. 

The outputs of the sink drivers are capaple of sinking 350mA 
and will withstand 20V in the OFF state. 




PIN CONFIGURATION (TOP VIEW) 



in 1 -*|T £>o — Ti]-* 

IN 2 — [T |>o 77] — 



IN 3 - 
IN 4 - 
IN5->|T 



•II- 

-r±- 



in 7 — \T 

INM -»[T 
GND |T 



_ 



-t> — Te] * 



in6 »jjT — p>o — T[| 



01 
02 
03 

£>o [15] -»0 4 

£>o 11] ~+° 5 

06 
07 



IT] — OM 

To] Vcc 



> OUTPUTS 



Outline 18P4 
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CIRCUIT SCHEMATIC 
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-*~o GND 
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unit : n 



18-pin molded plastic DIP 



ABSOLUTE MAXIMUM RATINGS (T a =-20~+75'C, unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


Vcc 


Supply voltage 




10 


V 


Vceo 


Output sustaining voltage 


Transistor OFF 


01 to 07 Outputs 


-0. 5 — h20 


V 


OM Output 


-0.5- Vcc 


lc 


Collector current 


Transistor ON 


350 


mA 


v, 


Input voltage 




10 


V 


If 


Clamp diode forward current 


Pulse width^35ms, Percent duty cycle^5% 


700 


mA 




350 


Pd 


Power dissipation 


T a =25°C 


1.47 


W 


T opr 


Operating ambient temperature range 




-20 — f-75 


°C 


Tstq 


Storage temperature range 




-55 — H25 


°C 
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RECOMMENDED OPERATIONAL CONDITIONS (T a =-20~+75°C, unless otherwise noted) 



Symbol 


Parameter 


Limits 


Unit 


Mm 


Typ 


Max 


V CC 


Supply voltage 


3 




6 


V 


Vo 


Output voltage 


0 




20 


V 


lc 


Collector current 
per channel 


Percent duty cycle 
less than 30%, V CC =6V 


0 




250 


mA 


Percent duty cycle 
less than 35%, Vcc=6V 


0 




170 




"H" Input voltage 


l c =250mA 


3.2 




6 


V 


l c =150mA 


2.4 




6 


v 1L 


"L" Input voltage 




0 




0. 3 


V 



ELECTRICAL CHARACTERISTICS (T a =-20~+75°C, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Mm 


Typ 


Max 


•o (leak) 


Input leakage current 


V C c=6V, V,=0. 4V, V CE =20V 






50 


juA 


Vqe (sat) 


Output saturation voltage 


V CC =3.5V, V,=3V, l c =250mA 




0. 23 


0.6 


V 


V CC =3V, V|=2. 4V, l c =150mA 




0. 14 


0.4 


VoH (M) 


"H" Output voltage 
(motor driver) 


V CC =6V, Ioh ( m)= -250mA 


2.4 






V 




Input current 


V CC =6V, V,=3. 2V 




0.8 


1.5 


mA 


V CC =6V, V,=10V 




4.6 


7.3 


Vf (m) 


Clamp diode forward voltage 


l F (M) = 350mA 




1.6 


3 


V 


'cc 


Supply current 


V CC =6V, V,=3. 2V (all input) 






235 


mA 


h FE 


DC forward current gain 


V C c=5V, V CE =4V, l c =250mA, T a =25°C 


1000 


6000 







TYPICAL CHARACTERISTICS 
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8-UNIT 400mA DARLINGTON TRANSISTOR ARRAY 



DESCRIPTION 

The M54522P, 8-channel sink driver, consists of 16 NPN tran- 
sistors connected to form eight high current gain driver 
pairs. 

FEATURES 

• High output sustaining voltage to 40V 

• High output sink current to 400mA 

• Integral diodes for transient suppression 

• PMOS Compatible input 

• Wide operating temperature range (T a =—20 — h75°C ) 

APPLICATION 

Relay and printer driver, LED or incandescent display 
digit driver, Interfacing between MOS/BIPOLAR logics 
and high power loads 

FUNCTION 

The M54522P is comprised of eight NPN darlington driver 
pairs with 20k fl series input resistors. Each output has an in- 
tegral diode for inductive load transient suppression. The 
cathodes of the diodes are connected together to pin 10. All 
emitters and the substrate are connected to pin 9 . The out- 
put are capable of sinking 400mA and will withstand 40V in 
the OFF state. 




PIN CONFIGURATION (TOP VIEW) 




GND [T 



OUTPUTS 



T5] COM COMMON 



Outline 18P4 



CIRCUIT SCHEMATIC 



INPUT c 



► I t o COM 



-o OUTPUT 



2k 



-i-o GND 



Unit : n 



18-pin molded plastic DIP 



ABSOLUTE MAXIMUM RATINGS (T a =-20~+75°C, unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


Vceo 


Output sustaining voltage 


Transistor OFF 


-0. 5 h40 


V 


"c 


Collector current 


Transistor ON 


400 


mA 


V, 


Input voltage 




40 


V 


If 


Clamp diode forward current 




400 


mA 


v R 


Clamp diode reverse voltage 




40 


V 


Pd 


Power dissipation 


T a =25'C 


1.79 


W 


T opr 


Operating ambient temperature range 




-20 — 1-75 


°C 


T stq 


Storage temperature range 




—55 — 1-125 


°C 
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RECOMMENDED OPERATIONAL CONDITIONS (T a =-20~+75C unless otherwise noted) 



Symbol 


Parameter 


Limits 


Unit 


Min 


Typ 


Max 


Vo 


Output voltage 


0 




40 


V 


lc 


Collector current 
per channel 


Percent duty cycle 
less than 1% 


0 1 




400 


mA 


Percent duty cycle 
less than 30% 


0 




200 


V,H 


"H" Input voltage 


l c =400mA 


8 




30 


V 


l c =200mA 


4 




30 


V,L 


"L" Input voltage 


•odeakf^OM 


0 




0.5 


V 



ELECTRICAL CHARACTERISTICS (T a =-20~+75°C, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Mm 


Typ 


Max 


V(BR)CEO 


Output sustaining voltage 


lcEo=100 / aA 


40 






V 


v cE(sat) 


Output saturation voltage 


V,=8V, l c =400mA 




1.15 


2.4 


V 


V,=4V, l c =200mA 




0. 95 


1.6 


h 


Input current 


V,=17V 


0.3 


0.9 


1.8 


mA 


v F 


Clamp diode forward voltage 


l F =400mA 




1.5 , 


2.4 


V 


v R 


Clamp diode reverse voltage 


l R =100>A 


40 






V 




DC forward current gam 


Vce=4V, l c =300mA, T a =25°C 


1000 


8000 







TYPICAL CHARACTERISTICS 
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ALLOWABLE COLLECTOR CURRENT 
AS A FUNCTION OF DUTY CYCLE 
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M 54585 P 



8-UNIT 500mA TRANSISTOR ARRAY WITH CLAMP DIODE 



DESCRIPTION 

The M54585P, 8-channel sink driver, consists of 16 NPN 
darlington transistors with internal clamp diodes connected 
to form high current gain driver pairs with low input current. 

FEATURES 

• High output sustaining voltage to 50V 

• High output sink current to 500mA 

• Built-in clamp diode 

• TTL, PMOS IC output for drive 

• Wide operating temperature range (T a =— 20~+75°C ) 

APPLICATION 

Relay and small printer driver, LED or incandescent dis- 
play digit driver, Output for microcomputer and interface 
with high voltage system 



PIN CONFIGURATION (TOP VIEW) 



GND [¥ 



[?->> ts -15]->04 
IN6 — [F — fc>>f— ■ 73] — 06 
N8-[7-t> I ^--lT] 



75] COM COMMON 



Outline 18P4 



FUNCTION 

The M54585P is composed of eight NPN darlington transis- 
tor pairs. A resistor of 2.7k H is connected between the 
base of input transistor and the input pin. 
A clamp diode for inductive load transient suppression is 
connected for the output pin (collector) and COM pin (pin 
10). All emitters of the output transistors are connected to 
GND (pin 9). 

The outputs are capable of sinking 500mA and will with- 
stand 40V between collector and emitter. 




CIRCUIT SCHEMATIC (EACH CIRCUIT) 



INPUT 



2.7k 
-| Wv— 



7. 2ki 



-oCOM 



-oOUT 
OUTPUT 



-oGND 



3k 



COM and GND are all common to 8 circuits. 

The diodes shown by broken line are parasite diodes and 

must not be used. 



Unit : ft 



18-pin molded plastic DIP 



ABSOLUTE MAXIMUM RATINGS (T a =-20+75°C, unless otherwise noted) 



Symbol 


Parameteter 


Conditions 


Ratings 


Unit 


Vceo 


Output sustaining voltage 


When the output is "H" 


—0. 5—+50 


V 


•c 


Collector current 


Per channel current, when the output is "L" 


500 


mA 


v, 


Input voltage 




-0. 5 — f-30 


V 


If 


Clamp diode forward voltage 




500 


mA 


Vr 


Clamp diode reverse current 




-0. 5-+50 


V 


P 


Power dissipation 


T a =25°C 


1.79 


, W 


Topr 


Operating ambient temperature range 




— 20—+75 


°C 


Tstg 


Storage temperature range 




-55 — H25 


°C 
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RECOMMENDED OPERATIONAL CONDITIONS (T a =-20~+75°C, unless otherwise noted) 



Symbol 


Parameter 


Limits 


Unit 


Min 


Typ 


Max 


Vo 


Output voltage 


0 




50 


V 


li 


Collector current per channel 


Percent duty cycle less 
than 6% 


0 




400 


mA 


Percent duty cycle less 
than 34% 


0 




200 


V,H 


"H" Input voltage 


l c =400mA 


3. 85 




30 


V 


l c =200mA 


3.4 




30 




"L" Input voltage 


lo(leak) =50 ^ A 


0 




0.6 


V 



ELECTRICAL CHARACTERISTICS (T a =-20~+75'C, unless otterwise noted) 



Symbol 


Parameter 


Test condittons 


Limits 


Unit 


Min 


Typ 


Max 


•o(leak) 


Output leakage current 


V CE =50V 






100 


juA 


Vce(sat) 


Output saturation voltage 


V,=3. 85V, l c =400mA 




1.3 


2.4 


V 


V,=3. 85V, l c =200mA 




'1.0 


1.6 


1, 


Input current 


V,=3.85V 




0. 95 


1.8 


mA 


V,=25V 




11 


18 


v F 


Clamp diode forward voltage 


l F =400mA 




1.5 


2.4 


V 


Ir 


Clamp diode reverse voltage 


V R =50V 






100 


juA 


h FE 


DC forward current transter ratio 


V CC =4V, l c =350mA, T a =25'C 


1000 


2500 







TYPICAL CHARACTERISTICS 



ALLOWABLE AVERAGE 
POWER DISSIPATION 



OUTPUT CURRENT CHARACTERISTICS 




ZD 
O 



o 
o 




AMBIENT TEMPERATURE T a (°C) 



INPUT VOLTAGE V,(V) 
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ALLOWABLE COLLECTOR CURRENT 
AS A FUNCTION OF DUTY CYCLE 



< 

E 



D 
O 
DC 
O 



o 
o 




ALLOWABLE COLLECTOR CURRENT 
AS A FUNCTION OF DUTY CYCLE 



< 

E 



O 

o 




• The current is shown 
by the value per output 

• Repetitive Frequency^ 1 0Hz " 
' The number in O is the number of outputs 

conducting simultaneously 
' T a =75°C 



20 



40 



DUTY CYCLE (%) 



DUTY CYCLE (%) 



CURRENT GAIN CHARACTERISTICS 



< 



O 
O 
Q 




10 3 5 7 TO 2 3 5 7 TO 3 

COLLECTOR CURRENT l c (mA) 



A MITSUBISHI 
I 



k ELECTRIC 



MITSUBISHI BIPOLAR DIGITAL ICs 



M54584P 



8-UNIT 350mA TRANSISTOR ARRAY 



DESCRIPTION 

The M54584P, 8-channel sink driver, consists of 16 NPN 
transistors connected to form high current gain driver pairs 
with low input current. 

FEATURES 

• High output sustaining voltage to 20V 

• High output sink current to 350mA 

• PMOS IC output for drive 

• Low output saturation voltage 

(V CE (sat)=0.5Vat l c =250mA) 

• Wide operating temperature range (T a =— 20 — h75°C) 

APPLICATION 

Relay and thermal printer dot driver, LED or incandes- 
cent display digit driver, Interface for MOS-bipolar logic 
IC S 

FUNCTION 

The M54584P is composed of eight NPN transistors with 
the emitters of output transistors connected to GND pin 
(pin 9) . The collectors of NPN predriver transistors are 
connected to the V C c (pin 10) via a resistor of 400 Cl . The 
outputs are capable of sinking 350mA and will withstand 
20V between collector and emitter. 



PIN CONFIGURATION (TOP VIEW) 




Outline 18P4 




CIRCUIT SCHEMATIC (EACH CIRCUIT) 



400 

— VW— 




-> ©OUT 

I OUTPUT 



2k I 



| i 

X i oQND 



V cc and GND are all common to 8 circuits 

The diodes shown by broken line are parasite diodes and 

must not be used 



18-pin molded plastic DIP 



ABSOLUTE MAXIMUM RATINGS (T a =-20~+75°C, unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


Vcc 


Supply voltage 




—0.5—10 


V 


Vceo 


Output sustaining voltage 


When the output is "H" 


-0. 5 h20 


V 


lc 


Collector current 


Per channel current, when the output is "L" 


350 


mA 


v, 


Input voltage 




-0.5 — HO 


V 


Pd 


Power dissipation 


T a =25°C 


1.79 


W 


Topr 


Operating ambient temperature range 




-20 — h75 


°C 


Tsqg 


Storage temperature range 




— 55—+125 


°C 
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RECOMMENDED OPERATIONAL CONDITIONS (T a =-20~+75°C, unless otherwise noted) 



Symbol 


Parameter 


Limits 


Unit 


Min 


Typ 


Max 


Vcc 


Supply voltage 


3 


5 


8 


V 


V 0 


Output voltage 


0 




20 


V 


lc 


Collector current 
per channel 


Percent duty cycle 

less than 45%, V CC =6.5V 






250 


mA 


Percent duty cycle 

less than 10%, V C c=6. 5V 






150 


V, H 


"H" Input voltage 


l c ^250mA 


3 




Vcc 


V 


V, L 


"L" Input voltage 


'o(leak)^50//A 


0 




0.4 


V 



ELECTRICAL CHARACTERISTICS (T a =-20~+75°C, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Mm 


Typ 


Max 


'o(leak) 


Output leakage voltage 


V CC =8V, V CE =20V 






100 


M A 


VcE(sat) 


Output saturawlon voltage 


V cc =6. 5V, V,=3V, l c =250mA 




0.3 


0.5 


V 


V CC =3V, V,=3V, l c = 150mA 




0.7 


0. 35 




Input current 


V CC =8V, V,=3V 




0.7 


1.5 


mA 


V C c=8V, V,=10V 




4.3 


7.3 


Ice 


Supplv current (all output ON) 


V CC =8V, V,=3V 






220 


mA 




DC forward current transter ratio 


V C c=6.5V, V CE =4V, l c =250mA, T a =25°C 


1000 


7000 







TYPICAL CHARACTERISTICS 



ALLOWABLE AVERAGE 
POWER DISSIPATION 



OUTPUT CURRENT CHARACTERISTICS 




400 



300 



200 



100 





V cc =6. 
V CE =4V 


5V / 
' 1 








T a =75°< 
T a =25°< 
Ta=~2 


• 

= / 

or / 










• 










JJ 


1 
l 
i 





0.5 1.0 1.5 



2.0 



2.5 



AMBIENT TEMPERATURE T a (°C) 



INPUT VOLTAGE V,(V) 
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CURRENT GAIN CHARACTERISTICS 











IN 


H 


r 










~/ ? 












H 
























VCC-O' 3V-. 

V CE -4V— ■ 




^ — 








— T a =75°C— ■ 
— T a =25°C_U 
— T a =-20°C 












n 

0 






5 1 


10 2 






5 7 1 



COLLECTOR CURRENT l c (mA) 
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DESCRIPTION 

The M54562P, 8-channel source driver, is designed for use 
with + 6 to +16V MOS logic systems. 

FEATURES 

• High output sustaining voltage to 50V 

• High output source current to 500mA 

• Integral diode for transient suppression 

• 6— 16V CMOS compatible input 

• Wide operating temperature range (T a =— 20~+75°C) 

APPLICATION 

Relay and printer driver, LED, incandescent or fluores- 
cent display driver, Interfacing for standard MOS/BIPO- 
LAR logics 

FUNCTION 

The driver of the M54562P is comprised of a NPN invertor 
and compound PNP/NPN/NPN output source driver, and the 
output is turned ON by an active high input level. Each out- 
put has an integral diode for inductive load transient supp- 
ression. The outputs are capable of driving 500mA and are 
rated for operation with output voltage up to 50V. 




PIN CONFIGURATION (TOP VIEW) 



INPUTS 



IN 1 
IN2 
IN3 
IN 4 
IN5 
IN6 
IN 7 
IN 8 
V s 



-rn> 

-E-t> 
E 





is] -01 

23 — 02 
T£]- 03 
15) — 04 
14] — 05 
l]]— 06 
T|] — 07 

n] — 08 


































To] GND 



OUTPUTS 



Outline 18P4 



CIRCUIT SCHEMATIC 



8.5k 

INPUT Or-^AAr- 



I 




7.2k 



1 .5k 



-jo V s 
I 

1 
I 
l 
l 

I 
I 

> OUTPUT 
1 
I 

-^o GND 



Unit : n 



18-pin molded plastic DIP 



ABSOLUTE MAXIMUM RATINGS (T a =-20~+75r, unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


Vceo 


Output sustaining voltage 


Output is in "L" 


-0. 5 — h50 


V 


V s 


Supply voltage 




50 


V 


v, 


Input voltage 




0-+30 


V 


'o 


Output current 


Per channel current at "H" output 


-500 


mA 


'f 


Clamp diode forward current 




-500 


mA 


Vr 


Clamp diode reverse voltage 




50 


V 


Pd 


Power dissipation 


T a =25°C 


1.79 


W 


T opr 


Operating ambient temperature range 




-20 — h75 


°C 


Tsta 


Storage temperature range 




—55 — H25 


°C 
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RECOMMENDED OPERATIONAL CONDITIONS (T a =-20~+75t, unless otherwise noted) 



Symbol 


Parameter 


Limits 


Unit 


Min 


Typ 


Max 


V s 


Supply voltage 


0 




50 


V 


lo 


Output current 
per channel 


Percent duty cycle 
less than S% 


0 




-350 


mA 


Percent duty cycle 
less than 55% 


0 




-100 


V, H 


"H" Input voltage 


l 0 = -350mA 


2.4 


5 


30 


V 


v, L 


"L" Input voltage 


0 




0.2 


V 



ELECTRICAL CHARACTERISTICS (T a 20~+75°C, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Mm 


Typ 


Max 


Is (leak) 


Supply leak current 


V S =50V, V,=0. 2V 






100 


/M 


VcE(sat) 


Output saturation voltage 


V S =10V, V,=4V, l 0 = -350mA 




1.6 


2.4 


V 


V S =10V, V,=4V, l o =-100mA 




1.45 


2.0 


1, 


Input current 


V,=5V 




0. 48 


0. 75 


mA 


V,=25V 




2.8 


4.7 


Is 


Supply current 


V S =50V, V,=5V 




5.6 


6.5 


mA 


v F 


Clamp diode forward voltage 


l F =-350mA 




-1.2 


-2.4 


V 




Clamp diode reverse voltage 


l R =100/iA 


50 






V 



TYPICAL CHARACTERISTICS 



ALLOWABLE AVERAGE 

POWER DISSIPATION 




OUTPUT CURRENT 

CHARACTERISTICS 



D 
O 







=20\ 
-V 0 
-T a 




















V S 
V S 


=4V 




















= 75 
= 25 
= -2C 


C 














•a 


c - 

°C 



















































































































































AMBIENT TEMPERATURE T a (°C) 



0.2 0.4 0.6 0.8 1.0 
INPUT VOLTAGE V,(V) 
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ALLOWABLE OUTPUT CURRENT 
AS A FUNCTION OF DUTY CYCLE 



-500 



ID 

o 




DUTY CYCLE {%) 



ALLOWABLE OUTPUT CURRENT 
AS A FUNCTION OF DUTY CYCLE 

-500 r 



ZD 
O 




• The current is 
shown by the — 
value per output 

• Repetitive 
Frequency' 
>]0Hz 



The number in 4— 
O is the number- 
of outputs conducting _ 
simultaneously, i 
T a =75*C I 



20 



60 



DUTY CYCLE {%) 



INPUT CHARACTERISTICS 




INPUT VOLTAGE V,(V) 
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DESCRIPTION 

The M54563P, 8-channel source driver, is designed fbr use 
with + 6 to +16V MOS logic systems. 

FEATURES 

• High output sustaining voltage to 50V 

• High output source current to 500mA 

• Integral diode for transient suppression 

• Wide operating temperature range (Ta=— 20 — r-75°C) 

APPLICATION 

Relay and printer driver, LED, incandescent or fluores- 
cent display driver, Interfacing for standard MOS/BIPO- 
LAR logics 

FUNCTION 

The driver of the M54563P is comprised of a NPN invertor 
and compound PNP/NPN/NPN output source driver and the 
output is turned ON by an active high input level. Each out- 
put has an integral diode for inductive load transient sup- 
pression. The outputs are capable of driving 500mA and are 
rated for operating with output voltage up to 50V. 




PIN CONFIGURATION (TOP VIEW) 



INPUTS 



IN1 
IN2 
IN3 
IN4 
IN5 
IN6 
IN7 
IN8 



-E~> 
-EH> 



-E~{>^ 
-E->- 
E 



53- 

53- 
3- 



33- 

33- 
3- 



01 
02 
03 
04 
05 
06 
07 
08 
GND 



OUTPUTS 



Outline 18P4 



CIRCUIT SCHEMATIC 



3k 

INPUT O-f-ANV- 



I 



-rov s 



' OUTPUT 



a ! 



-i-o GND 



Unit : n 



18-pin molded plastic DIP 



ABSOLUTE MAXIMUM RATINGS (T a =-20~+75°C .unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


Vceo 


Output sustaining voltage 


Transistor OFF 


-0.5—+50 


V 


V s 


Supply voltage 




50 


V 


V, 


.Input voltage 




0 — HO 


V 


lo 


Output current 


Transistor OFF 


-500 


mA 


If 


Clamp diode forward current 




-500 


mA 


v R 


Clamp diode reverse voltage 




50 


V 


Pd 


Power dissipation 


T a = 25°C 


1.79 


w 


Topr 


Operating ambient temperature range 




-20-+75 


°c 


Tstq 


Storage temperature range 




—55 — H25 


°c 
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RECOMMENDED OPERATIONAL CONDITIONS (T a =-20~+75°C, unless otherwise noted) 



Symbol 


Parameter 


Limits 


Unit 


Min 


Typ 


Max 


V s 


Supply voltage 


0 




50 


V 


'o 


Output current 
per channel 


Percent duty cycle 
less than 8% 


0 




-350 


mA 


Percent duty cycle 
less than 55% 


0 




-100 


V, H 


"H" Input voltage 


l 0 = -350mA 


2.4 




6 


V 


V 1L 


"L" Input voltage 


0 




0.2 


V 



ELECTRICAL CHARACTERISTICS (T a =-20~+75°C, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Mm 


Typ 


Max 


Is (leak) 


Supply leakage current 


V s = 50 V, V, = 0. 2 V 






100 


/uA 


v ce (sat) 


Output saturation voltage 


V s = 10 V, V, = 2.4V, l 0 = -350 mA 




1.6 


2.4 


V 


V s = 10 V, V, = 2.4V, l o =-100mA 




1.45 


2 


1, 


Input current 


V, =3 V 




0.6 


1 


mA 


V,=10V 




2.9 k 


5 


Is 


Supply current 


V s =50 V, V, = 3 V 




5.6 


6.5 


mA 


v F 


Clamp diode forward voltage 


l F =-350 mA 




-1.2 


-2.4 


V 


v R 


Clamp diode reverse voltage 


l R = 100 M 


50 






V 



TYPICAL CHARACTERISTICS 



ALLOWABLE AVERAGE 

POWER DISSIPATION 




OUTPUT CURRENT 

CHARACTERISTICS 







s =20V 
s -Vo =4 


















— V 
V 


V 


















a =75x: 


















i 

— T 


a~~ 


20'C 



















































































































































AMBIENT TEMPERATURE T a (°C) 



0 0 2 0 4 0 6 0.8 1 .0 

INPUT VOLTAGE V,(V) 
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ALLOWABLE OUTPUT CURRENT 
AS A FUNCTION OF DUTY CYCLE 

-500 r 



O 



o 




ALLOWABLE OUTPUT CURRENT 
AS A FUNCTION OF DUTY CYCLE 

-500 r 



3 
O 



3 

o 




• The current isi 
shown by the 
value per output 

• Repetitive — i 

Frequency 
^10Hz I 

► The number in 
O is the number 



of outputs conducting 
simultaneously , 

- 



60 



DUTY CYCLE (%) 



DUTY CYCLE {%) 



INPUT CHARACTERISTICS 



UJ 

tr 
oc 

D 

O 0.4 

h- 
D 
Q. 
Z 

















1 


'/ 








V S = 


=20V 








ft- 










— T a =75"C 




f/ 


f 1 
/ 










— 1 


a =< 
"a = 


20°C 




-ft 
























































// 




















7 


















// 
'/' 

M! 


















/ 

✓> 

















INPUT VOLTAGE V,(V) 
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8-UNIT 500mA SOURCE TYPE DARLINGTON TRANSISTOR ARRAY 



DESCRIPTION 

The M54564P, 8-channel source driver, is designed for inter- 
facing between low power digital logic and a fluorescent 
display. 

FEATURES 



High output sustaining voltage to 50V 
High output source current to 500mA 
CMOS, TTL Compatible input 
Internal pull-down resistors 

Wide operating temperature range (T a =— 20~H-75°C ) 



APPLICATION 

Relay and printer driver, LED, incandescent or fluores- 
cent display driver, Interfacing for standard MOS/BIPO- 
LAR logic 

FUNCTION 

The driver of the M54564P is comprised of a NPN invertor 
and compound PNP/NPN/NPN output source driver and the 
output is turned, ON by an active high input level. Each out- 
put has 50k fl pull-down resistor suitable for driving fluores- 
cent displays. The outputs are capable of driving 500mA and 
are rated for operation with output voltage up to 50V. 




PIN CONFIGURATION (TOP VIEW) 

-js) >Q1 



INPUTS 



IN1 >[T — -|^- 




IN6 *[T [> 



IN7 *|T 1> 

IN8 +[[_ -{> jjT] *08 

GND (T 



2^] +02 

2£] *03 

jj] *05 

7J] +07 



OUTPUTS 



10 V s 



Outline 18P4 



CIRCUIT SCHEMATIC 




INPUT o — f-AAA/- 



20k < 



GND o— *- 



7.2k 3k 



i 



-O OUT 
PUT 



Unit : a 



18-pin molded plastic DIP 



ABSOLUTE MAXIMUM RATINGS (T a =-20~+75°C, unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


Vceo 


Output sustaining voltage 




—0. 5—+50 


V 


V s 


Supply voltage 




50 


V 


v, 


Input voltage 




0 — h30 


V 


lo 


Output current 




-500 


mA 


Pd 


Power dissipation 


T a =25°C 


1.79 


W 


T opr 


Operating ambient temperature range 




-20 — h75 


°C 


T s ta 


Storage temperature range 




-55 — H25 


°C 
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RECOMMENDED OPERATIONAL CONDITIONS (T a =-20~+75r, unless otherw.se noted) 



Symbol 


Parameter 


Limits 


Unit 


Min 


Typ 


Max 


V s 


Supply voltage 


0 




50 


V 


lo 


Output current 
per channel 


Percent duty cycle 
less than 8% 


0 




-350 


mA 


Percent duty cycle 
less than 60% 


0 




-100 


V, H 


"H" Input voltage 


l o =-350mA 


4 




25 


V 




"L" Input voltage 


0 




0.2 


V 



ELECTRICAL CHARACTERISTICS (T a =-20~+75°C, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Mm 


Typ 


Max 


•sdeak) 


Supply leak current 


V S =50V, V,=0.2V 






100 


M A 


VcE<sat) 


Output saturation voltage 


V S =10V 


l 0 = -350mA 




1.6 


2.4 


V 


V,=4V 


lo=- 100mA 




1.45 


2 




Input current 


V|=4V 




0.4 


0.7 


mA 


1, 


V,=25V 




2.9 


4.7 


Is 


Supply current 


V S =50V, V,=4V 




5.6 


6.5 


mA 



TYPICAL CHARACTERISTICS 



ALLOWABLE AVERAGE 

POWER DISSIPATION 




OUTPUT CURRENT 

CHARACTERISTICS 



O 



o 











I 

I 
















V CE = 


=4V 


\T 
i 
















V s =20V 
I 


T 
j 












— T a = 75°C | 

T~ = 25°r ! 
















T a = 


-20" 


c 





























































































































AMBIENT TEMPERATURE T a (°C) 



INPUT VOLTAGE V,(V) 
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MITSUBISHI BIPOLAR DIGITAL ICs 

M54564P 



8-UNIT 500mA SOURCE TYPE DARLINGTON TRANSISTOR ARRAY 



ALLOWABLE OUTPUT CURRENT 
AS A FUNCTION OF DUTY CYCLE 

-500 r 




O is the number 
of outputs conducting 
simultaneously 
• T a =25°C ' 



20 



DUTY CYCLE (%) 



ALLOWABLE OUTPUT CURRENT 
AS A FUNCTION OF DUTY CYCLE 

-500 r 



D 
O 



o 




• The current is 
shown by the 
value per output 

> Repetitive 
Frequency 
^10Hz 

>The number in 
O is the number 



of outputs conducting 
simultaneously 
• T a =75°C | | 



20 



DUTY CYCLE {%) 



INPUT CHARACTERISTICS 
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MITSUBISHI BIPOLAR DIGITAL ICs 



M54567P 



4-UNIT 1.5A DARLINGTON TRANSISTOR ARRAY WITH CLAMP DIODE 



DESCRIPTION 

The M54567P, 4-channel sink driver, consists of 4 PNP and 14 
NPN transistors to form high current gain driver pairs. 

FEATURES 

• High output sustaining voltage to 50V 

• High output current to 1 . 5A 

• Integral diodes for transient suppression 

• NMOS Compatible input 

• Wide operating temperature range (T a =— 20~+75°C ) 

APPLICATION 

Relay and printer driver, LED or incandescent display 
digit driver 

FUNCTION 

The M54567P is comprised of four PNP invertors with 8k CI 
series input resistors and NPN darlington sink drivers. Each 
output has an integral diode for inductive load transient sup- 
pression and the anodes of the diode connected to pins 9 
and 16. The outputs are capable of sinking 1.5A and will 
withstand 50V in the OFF state. 




PIN CONFIGURATION (TOP VIEW) 

C7 



V C c 

01 — Gl 



IN1 -» 



GND 



IN2-» 



02*- [7 



E4 



Ei^ 

E 

E 



ll] COM 

m— 04 

-<<^14| < — IN4 
} GND 

ml 

p<J-ii]«- in3 

JoJ— 03 
I] COM 



Outline 16P4 



CIRCUIT SCHEMATIC 



INPUT oH4 



^Vcc 




-H-r-ocOM 



-O OUTPUT 



4 A-O GND 



unit : n 



16-pin molded plastic DIP 



ABSOLUTE MAXIMUM RATINGS (T a =-20~+75C, unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


Vcc 


Supply voltage 




10 


V 


Vceo 


Output sustaining voltage 


Transistor OFF 


-0. 5—+50 


V 


V, 


Input voltage 




30 


V 


lb 


Collector current 


Transistor ON 


1.5 


A 


v R 


Clamp diode reverse voltage 




50 


V 


If 


Clamp diode forward current 


Pulse widths 10ms, Repetitive cycle ^10Hz 


1-5 


A 




1 


A 


Pd 


Power dissipation 


T a =25°C 


1.92 


W 


T opr 


Operating ambient temperature range 




-20-+75 


°C 


Tsta 


Storage temperature range 




—55 — H25 


°C 
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MITSUBISHI BIPOLAR DIGITAL ICs 

M54567P 



4-UNIT 1.5A DARLINGTON TRANSISTOR ARRAY WITH CLAMP DIODE 



RECOMMENDED OPERATIONAL CONDITIONS (T a =-20~+75°C, unless otherwise noted) 



Symbol 


Parameter 


Limits 


Unit 


Min 


Typ 


Max 


V cc 


Supply voltage 


4 


5 


6 


V 


V 0 


Output voltage 


0 




40 


V 


lc 


Collector current 
per channel 


All units ON 

Percent duty cycled 4 % 


0 




1.25 


A 


All units ON 

Percent duty cycled 18% 


0 




0.7 


V,h 


"H" Input voltage 


•o(leak) = 50/M 


Vcc-0.5 




V C c 


V 


V, L 


"L" Input voltage 


l c =1.25A 


0 




Vcc-3. 5 


V 



ELECTRICAL CHARACTERISTICS (T a =-20~+75°C, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Mm 


Typ 


Max 


V(BR) CEO 


Output sustaining voltage 


l CEO =100M 


50 






V 


'cc 


Supply current 


V CC = €V, V,=0.5V 




3.0 


4.5 


mA 


v ce (sat) 


Output saturation voltage 


V cc = 4 V 
V, =0. 5V 


l c =1. 25A 




1.6 


2.2 


V 


lc =0. 7A 




1.1 


1.7 


1, 


Input current 


V, =V CC -3. 5V 




-0.3 


-0.6 


mA 


Vi =V CC - 6 V 




-0. 58 


-0. 95 


V R 


Clamp diode reverse voltage 


l R =100/M 


50 






V 


v F 


Clamp diode forward voltage 


l F =1.25A 




1.6 


2.3 


V 




DC forward current gain 


V C c=4V, V CE =4V, l c =1A, T a =25°C 


4000 


30000 







TYPICAL CHARACTERISTICS 

ALLOWABLE AVERAGE 

POWER DISSIPATION 
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OUTPUT CURRENT 

CHARACTERISTICS 
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AMBIENT TEMPERATURE T a (°C) 



INPUT VOLTAGE V CC -V,(V) 
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MITSUBISHI BIPOLAR DIGITAL ICs 

M54567P 



4-UNIT 1.5A DARLINGTON TRANSISTOR ARRAY WITH CLAMP DIODE 




DC CURRENT GAIN 

CHARACTERISTICS 
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c =4V 
e =4V 
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MITSUBISHI BIPOLAR DIGITAL ICs 

M 54576 P,FP 

7-UNIT 30mA TRANSISTOR ARRAY (INPUT "L" ACTIVE) 



DESCRIPTION 

The M54576P, FP, 7-channel sink driver, consists of 28 NPN 
transistors connected to form high current gain driver pairs. 

FEATURES 

• 30V output breakdown 

• 30mA output sink current capability 

• CMOS compatible input 

• Low output saturation voltage 

• Wide operating temperature range (T a =—20 — f-75°C) 
APPLICATION 

LED or incandescent display digit driver 
FUNCTION 

The M54576P.FP is comprised of seven NPN invertors with 
diodes and 23k resistors in series to the input and non 
darlington NPN sink drivers. The output is turned ON by 
switching the input low. The outputs are capable of sinking 
30mA and will withstand 30V in the OFF state. The M54576FP 
features a small flat mold package. 



PIN CONFIGURATION (TOP VIEW) 



INPUTS < 



f INI -*[T- 
IN2 -♦[[- 
IN3 -♦(][- 
IN4 ~>\±- 
IN5 

IN6 —(7 
IN7-+II 
GND \E 



-t»- 



TeJ-* 01 

iU— 02 
03 

T3| — * 04 

iU-* 05 

n]— 06 
io|-> 07 J 

B v. 



OUTPUTS 



Outline 16P2 (M54576FP) 
Outline 16P4 (M54576P) 




CIRCUIT SCHEMATIC 



INPUT O- 



OUTPUT 



100k i 




16-pin molded plastic DIP 16-pin molded plastic FLAT 
ABSOLUTE MAXIMUM RATINGS (T a =25t .unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


Vcc 


Supply voltage 




13 


V 


Vceo 


Output sustaining voltage 


Transistor OFF 


—0. 5—+30 


V 


lc 


Collector current 


Transistor ON 


30 


mA 


V, 


Input voltage 




-20, 13 


V 


Pd 


Power dissipation 


T a =25°C 


1 . 47/0. 56 


W 


T opr 


Operating ambient temperature range 




-20 — 1-75 


°C 


Tstq 


Storage temperature range 




-55 — hi 25 


°C 



RECOMMENDED OPERATIONAL CONDITIONS (T a =-20~+75C, unless otherwise noted) 



Symbol 


Parameter 


Limits 


Unit 


Min 


Typ 


Max 


Vcc 


Supply voltage 


4 


5 


13 


V 


lc 


Collector current per channel 


0 


10 


20 


mA 


V,H 


"H" Input voltage 


3 




Vcc 


V 


V, L 


"L" Input voltage | l c =20mA 


0 




1 


V 
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MITSUBISHI BIPOLAR DIGITAL ICs 

M54576P,FP 



7-UNIT 30mA TRANSISTOR ARRAY (INPUT "L" ACTIVE) 



ELECTRICAL CHARACTERISTICS (T a =-20~+75'C, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Mm 


Typ 


Max 


'o(leak) 


Output leakage current 


V CE =30V, V,=3V, V CC =6V 






100 


M A 


v cE(sat) 


Output saturation voltage 


V cc =4. 5V, V|=1V, l c =10mA 




0. 02 


0. 25 


V 


V CC =6V, V,=l V, l c =20mA 




0. 04 


0. 35 


1, 


Input current 


V cc =4. 5V,V,=3V 


30 


60 


90 


/uA 


Ice 


Supply current 


V cc =4. 5V,Vi=1V 






6.3 


mA 


V C c=13V,V,= lV 






18 


h F E 


DC forward current gain 


V CE =4V, V cc =4. 5V, l c =20mA, T a =25°C 


500 


1200 







TYPICAL CHARACTERISTICS 
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DC CURRENT GAIN 

CHARACTERISTICS 
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INPUT VOLTAGE V,(V) 
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MITSUBISHI BIPOLAR DIGITAL ICs 

M54566P 

7-UNIT 400mA DARLINGTON TRANSISTOR ARRAY 

(INPUT "L" ACTIVE) 



DESCRIPTION 

The M54566P, 7-channel sink driver, consists of 7 PNP and 14 
NPN transistors connected to form high current gain driver 
pairs. 

FEATURES 

• High output sustaining voltage to 50V 

• High output sink current to 400mA 

• "L" Active input 

• Wide operating temperature range (T a =—20 — h75°C ) 

APPLICATION 

Relay and printer driver, Interfacing between standard 
MOS/BIPOLAR logics 

FUNCTION 

The M54566P is comprised of seven PNP invertors with 8 kfi 
series input resistors and NPN darlington sink drivers. The 
output is turned ON by switching the input low. The outputs 
are capable of sinking 400mA and will withstand 50V in the 
OFF state. 




PIN CONFIGURATION (TOP VIEW) 



INPUTS 



r— , -7T7" 

IN1-[T_ — 



IN2 -[7 c£>> 

IN3-[T c£>> 



IN4-[T o[>o- 

IN5-[T c£>o- 

IN6 -[7 — o£>o- 

IN7-*[T c£>o- 

GND (T 



Te]- 01 
-T5]-* 02 
- u]- 03 
■T3]- 04 
T^- 05 
jTJ — ► 06 
To]- 07 
3 v cc 



OUTPUTS 



Outline 16P4 



CIRCUIT SCHEMATIC 



INPUT 




<T— o OUTPUT 



3GND 



Unit : n 



16-pin molded plastic DIP 



ABSOLUTE MAXIMUM RATINGS (T a =-20~+75C unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


Vcc 


Supply voltage 




10 


V 


Vceo 


Output sustaining voltage 


Transistor OFF 


-0. 5 — h50 


V 


V, 


Input voltage 




0~Vcc 


V 


'c 


Collector current 


Transistor ON 


400 


mA 


Pd 


Power dissipation 


T a =25°C 


1.47 


W 


T opr 


Operating ambient temperature range 




-20—+75 


°c 


Tstq 


Storage temperature range 




-55 — hi 25 


°c 
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M54566P 



7-UNIT 400mA DARLINGTON TRANSISTOR ARRAY 

(INPUT "L" ACTIVE) 



RECOMMENDED OPERATIONAL CONDITIONS (T a =-20~+75°C, unless otherwise noted) 



Symbol 


Parameter 


Limits 


Unit 


Min 


Typ 


Max 


Vcc 


Supply voltage 


4 


5 


8 


V 


lc 


Collector current 
per channel 


Percent duty cycle 
less than 10% 


0 




350 


mA 


Percent duty cycle 
less than 30% 


0 




200 


V,h 


"H" Input voltage 


'odeak^SO^A 


Vcc-0.2 




Vcc 


V 


V, L 


"L" Input voltage 


l c =350mA 


0 




Vcc-3 


V 



ELECTRICAL CHARACTERISTICS (T a =-20~+75r i unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


V(BR)CEO 


Output sustaining voltage 


l CE o=100,uA 


50 






V 


Vce <sat) 


Output saturation voltage 


V, = V cc -3V 


lc =350 mA 




1.1 


2.2 


V 


lc =200 mA 




0.9 


1.6 


1, 


Input current 


Vi = V cc -3. 5 V 




-0. 38 


-0. 58 


mA 


'cc 


Supply current 


V CC =5V, V, = Vcc -3.5 V 




1.4 


3 


mA 




DC forward current gain 


V CE =4 V, V cc =5 V, l c =350 mA, T a =25°C 


2000 


10000 







TYPICAL CHARACTERISTICS 

ALLOWABLE AVERAGE 

POWER DISSIPATION 

2. Or 




O 
t- 
O 



OUTPUT CURRENT 

CHARACTERISTICS 



Vcc =4\ 

Vce =4 \ 


/ 
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=75°C 
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T a =25°C J 

T a =-20°C| 
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AMBIENT TEMPERATURE T a (°C) 
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MITSUBISHI BIPOLAR DIGITAL ICs 

M54566P 



7-UNIT 400mA DARLINGTON TRANSISTOR ARRAY 

(INPUT "L" ACTIVE) 





COLLECTOR CURRENT l c (mA) 
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MITSUBISHI BIPOLAR DIGITAL ICs 

M54565P 

8-UNIT 50mA TRANSISTOR ARRAY 
(INPUT "L" ACTIVE) 



PIN CONFIGURATION (TOP VIEW) 




Outline 18P4 



DESCRIPTION 

The M54565P, 8-channel sink driver, consists of 7 PNP and 7 
NPN transistors connected to form high current gain driver 
pairs. 

FEATURES 

• Output breakdown voltage to 20V 

• Output sink current to 50mA 

• Wide operating temperature range (T a =—20 — h75°C) 

• "L" Active Input 

APPLICATION 

LED or incandescent display driver, Interfacing for stan- 
dard MOS/BIPOLAR logics 

FUNCTION 

The M54565P is comprised of eight PNP-NPN non darlington 
sink drivers. It functions from 2 V of supply voltage and fea- 
tures low output saturation voltage. The output is turned ON 
by switching the input low. 




18-pin molded plastic DIP 



CIRCUIT SCHEMATIC 




unit : n 



ABSOLUTE MAXIMUM RATINGS (T a =-20~+75°C, unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


Vcc 


Supply voltage 




10 


V 


Vceo 


Output sustaining voltage 


Transistor OFF 


—0. 5 — h20 


V 


lc 


Collector current 


Transistor ON 


50 


mA 


V, 


Input voltage 




0~Vcc 


V 


T opr 


Operating ambient temperature range 




-20 — h75 


°C 


T sta 


Storage temperature range 




-55 — M25 


°C 
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MITSUBISHI BIPOLAR DIGITAL ICs 

M54565P 



8-UNIT 50mA TRANSISTOR ARRAY 
(INPUT "L" ACTIVE) 



RECOMMENDED OPERATIONAL CONDITIONS (T a =-20~+75C, unless otherwise noted) 



Symbol 


Parameter 


Limits 


Unit 


Mm 


Typ 


Max 


Vcc 


Supply voltage 


2 




6 


V 


V 0 


Output voltage 


0 




20 


V 


lc 


Collector current 


0 




20 


mA 


l|H 


"H" Input current 


-8 




8 


juA 


IlL 


"L" Input current | lo=40mA 


-200 




-5000 


juA 



ELECTRICAL CHARACTERISTICS (T a =-20~+75r, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


' Mm 


Typ 


Max 


'o(leak) 


Output leakage current 


V CC =6V, V o =20V 






50 


UA 


v cE(sat) 


Output saturation voltage 


V cc = 3 V 
1, =-200/M 


lc =20mA 




0. 03 


0.17 


V 


l c =40mA 




0. 05 


0. 23 


V, 


Input voltage 


V CC = 2V, l f =—200// A 


1 


1.25 




V 


'cc 


Supply current 


V cc = 3 V, 1, =-200/M 




2.3 


4 


mA 


h FE 


DC forward current gain 


V CE =4V, V CC =3V, l c =40mA, T a =25°C 


800 


2500 







TYPICAL CHARACTERISTICS 

OUTPUT CURRENT 

CHARACTERISTICS 



o 
i- 
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yi 






















+- 






1 














i— 




i 














y 










/ 









0 7 



0 8 



0.9 



0.5 0.6 

OUTPUT VOLTAGE V CC -V,(V) 



DC CURRENT GAIN 

CHARACTERISTICS 
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MITSUBISHI BIPOLAR DIGITAL ICs 

M54583P 

8-UNIT 400mA DARLINGTON TRANSISTOR ARRAY 



PIN CONFIGURATION (TOP VIEW) 



IN1 — [T 




7s] — 01 


IN2-* [7 




T7]— 02 


IN3 — [T 




7£]— 03 


IN4 — [7 




T5] — 04 


IN5 — {£ 




]4]— 05 


IN6— >|T 




7|] — 06 


IN7 — [7 




T|]— 07 


IN8 — |T 




77]— 08 


GND [7 




To] v cc 



Outline 18P4 



DESCRIPTION 

The M54583P, 8-channel source driver, is composed of 16 
NPN and PNP current sink darlington transistors which form 
high current gain driver pairs at low input current. 

FEATURES 

• High output sustaining voltage to 50V 

• High output source current to 400mA 

• "L" active level input 

• Internal input diodes 

• Wide operating temperature range (T a =— 20 — h75°C) 

APPLICATION 

Interfacing for microcomputer and high voltage and high 
current driver system, Interfacing for standard MOS/ 
BIPOLAR logics, Relay 

FUNCTION 

The driver of the M54583P is composed of an input circuit 
of the M54523P with additional PNP transistors and "L" ac- 
tive input. A resistor of 7k CI is connected between the input 
and the base of PNP transistors. The input diode is in- 
tended to prevent the flow of current from the input to the 
V C c- Without this diode, the current flows from "H" input to 
the V C c and the "L" input circuit is activated, in such a case 
where one of the inputs of the 8 circuits is "H" and the 
others are "L" to save power consumption. The diode is in- 
serted to prevent such misoperation. 
The outputs are capable of driving 400mA and are rated for 
operation with output voltage up to 50V. 
This device is most suitable for a driver using NMOS IC 
output, especially for the driver of current sink. 



CIRCUIT SCHEMATIC (EACH CIRCUIT) 




V cc and GND are common to the 8 pairs 

The diodes shown by broken line are parasite diodes and 

must not be used 

Unit : n 




ABSOLUTE MAXIMUM RATINGS (T a =-20~+75C, unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


Vcc 


Supply voltage 




-0.5 — HO 


V 


Vceo 


Ounput sustaining voltage 


Output is in "H" 


-0. 5—+50 


V 


v, 


Input voltage 




-0. 5~V C c 


V 


lc 


Collector current 


Per channel current at "L" output 


400 


mA 


Pd 


Power dissipation 


T a =25°C 


1.79 


W 


Topr 


Operating ambient temperature range 




-20—+75 


°C 


Tstg 


Storage temperature range 




-55-+125 


°C 
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MITSUBISHI BIPOLAR DIGITAL ICs 

M54583P 

8-UNIT 400mA DARLINGTON TRANSISTOR ARRAY 



RECOMMENDED OPERATING CONDITONS (T a =-20~+75°C, unless otherwise noted) 



Symbol 


Parameter 


Limits 


Unit 


Min 


Typ 


Max 


Vcc 


Supply voltage 


4 


5 


8 


V 


'c (. 


Collector current per channel 


Percent duty cycle less 
than 10%, V C c=5V 


0 




350 


mA 


Percent duty cycle less 
than 34%, V CC =5V 


0 




200 


V, H 


"H" Input voltage 


l O (ieak)^ 50 ^ A 


Vcc-0.7 




Vcc 


V 


V,L 


"L" Input voltage 


l c ^ 350mA 


0 




Vcc-3.6 


V 



ELECTRICAL CHARACTERISTICS (T a =-20~+75°C, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ* 


Max 


'o(leak) 


Output leakage current 


V C eo=50V 






100 


juA 


v cE(sat) 


Output saturation voltage 


V|=V cc -3. 6V 


l c =350mA 




1.1 


2.2 


V 


l c =200mA 




0. 98 


1.6 


1. 


Input current 


Vi=V cc -3. 6V 




-320 


-600 


/uA 


'cc 


Supply current (an only input) 


V CC =5V, V,=V CC -3. 6V 






3 


mA 


h FE 


DC forward current gain 


V C e=4V, V CC =5V, l c =350mA, T a =25°C 


2000 









* : A typical value is at T a =25°C. 



TYPICAL CHARACTERISTICS 
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OUTPUT CURRENT CHARACTERISTICS 
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8-UNIT 400mA DARLINGTON TRANSISTOR ARRAY 



ALLOWABLE OUTPUT CURRENT 
AS A FUNCTION OF DUTY CYCLE 



ALLOWABLE OUTPUT CURRENT 
AS A FUNCTION OF DUTY CYCLE 
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4-UNIT 30mA PNP TRANSISTOR ARRAY 



DESCRIPTION 

The M54568L, general purpose transistor array, consists of 4 
PNP transistors connected in a commom-emitter configura- 
tion. 

FEATURES 

• 20V breakdown 

• 30mA output source current capability 

• Wide operating temperature range (T a =— 20 — r-75°C) 

APPLICATION 

LED or incandescent display driver 

FUNCTION 

The M54568L is comprised of 4 PNP transistors. ALL emitters 
are connected to pin 5 . Each transistor is capable of switch- 
ing 30mA and will withstand 20V in the OFF state. 




10-pin molded plastic SIP 



PIN CONFIGURATION (TOP VIEW) 
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ABSOLUTE MAXIMUM RATINGS (T a =-20~+75C unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


Vcbo 


Collector-base sustaining voltage 


Base voltage '. OV 


-40 


V 


V EBO 


Emitter-base sustaining voltage 


Base voltage : OV 


-40 


V 


Vceo 


Collector-emitter sustaining voltage 


Emitter voltage '. 0V 


-20 


V 


lc 


Collector current per transistor 




-30 


mA 


Ib 


Base current per transistor 




-20 


mA 


Pd 


Power dissipation 


T a =25°C 


1000 


mW 


T opr 


Operating ambient temperature range 




-20 — h75 


°C 


Tsta 


Storage temperature range 




-55 — H25 


°C 
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M54568L 



4-UNIT 30mA PNP TRANSISTOR ARRAY 



RECOMMENDED OPERATIONAL CONDITIONS (T a =-20~+75°C, unless otherwise noted) 



Symbol 


Parameter 


Limits 


Unit 


Mm 


Typ 


Max 


lc 


Collector current | Ib==— 3mA 


0 




-20 


mA 


Ib 


Base current 


0 




-10 


mA 


V e 


Emitter current 


-0.3 




20 


V 


V b 


Base voltage 


-0.3 




V E 


V 



ELECTRICAL CHARACTERISTICS (T a =-20~+75°C, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


V(BR)CBO 


Collector-emitter sustaining voltage 


l c =-10/iA, V B =0V, V E : OPEN 


-40 






V 


V(BR)EBO 


Emitter-base sustaining voltage 


l E =-10// A, V b =0 V, V c I OPEN 


-40 






V 


V<BR)CEO 


Collector-emitter sustaining voltage 


lc =— 100/iA, V E =0 V, V B : OPEN 


-20 






V 


VcE(sat) 


Collector-emitter saturation voltage 


l c =-20 mA, l B =-3 mA, V E =5 V 




— 0. 09 


-0.3 


V 


l c =-2 mA, l B =-0. 2 mA, V E =5 V 




-0. 02 


-0. 28 


h FE 


DC forward current gain 


V CE =-4 V 
T a =25°C 


l c =-2 mA 


20 


80 






lc =—20 mA 


15 


60 





TYPICAL CHARACTERISTICS 

OUTPUT CHARACTERISTICS 
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MITSUBISHI BIPOLAR DIGITAL ICs 



M54560P 



7-UNIT 150mA SOURCE TYPE DARLINGTON TRANSISTOR ARRAY 



DESCRIPTION 

The M54560P, 7-channel source driver, consists of 7 PNP 
and 7 NPN transistors, connected to form high current gain 
driver with PNP action. 

FEATURES 

• High output sustaining voltage to 40V 

• Output source current to 150mA 

• Integral diode for transient suppression 

• Active "L" input 

• Wide operating temperature range (T a =—20 — (-75 °C ) 

APPLICATION 

Relay and printer driver, LED, incandescent or fluores- 
cent display driver, Interfacing for standard MOS/BI PO- 
LAR logics 

FUNCTION 

The M54560P is comprised of seven PNP-NPN darlington 
source driver pairs with 20k H series input resistors. Each 
output has an integral diode for inductive load transient sup- 
pression. The anodes of the diodes and the substrate con- 
nected together to pin 9 . The outputs are capable of driving 
150mA and are rated for operation with output voltages of up 
to 40V. The output is turned ON by switching the input low. 




PIN CONFIGURATION (TOP VIEW) 



INPUTS 



IN1 
IN 2 
IN3 
IN 4 

IN5 - 
IN 6 



E-t> 



IN 7 — ff — 1>» 
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E 
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T| — 01 

IS]-- 02 
u\ 03 
J3] 04 
JjO ♦ 05 

n] — 0 6 

To) 07 

jD SUB 



OUTPUTS 



Outline 16P4 



CIRCUIT SCHEMATIC 



27k < 
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e * 
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H4^osub* 

Unit : n 



16-pin molded plastic DIP 



ABSOLUTE MAXIMUM RATINGS (T a =-20~+75C, unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


Vceo 


Output sustaining voltage 


Output is in "L" 


-0. 5 — h40 


V 


V s 


Supply voltage 




40 


V 


V, 


Input voltage 




0—+40 


V 


lo 


Output current 


Per channel current at "H"output 


-150 


mA 


If 


Clamp diode forward current 




-150 


mA 


Vr 


Clamp diode reverse voltage 




40 


V 


Pd 


Power dissipation 


T a =25°C 


1.47 


W 


T opr 


Operating ambient temperature range 




-20 — (-75 


°C 


Tsta 


Storage temperature range 




-55 — 1-125 


°C 



1-116 



A MITSUBISHI 
ELECTRIC 



MITSUBISHI BIPOLAR DIGITAL ICs 

M54560P 
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RECOMMENDED OPERATIONAL CONDITIONS (T a =-20~+75°C, unless otherwise noted) 



Symbol 


Parameter 


Limits 


Unit 


Mm 


Typ 


Max 


V s 


Supply voltage 


0 




40 


V 


lo 


Output current 
per channel 


Percent duty cycle 
less than 90% 


0 




-100 


mA 


Percent duty cycle 
less than 100% 


0 




-50 


V,H 


"H" Input voltage 


Vs-0. 2 




V s +0. 3 


V 


V,l 


"L" Input voltage 


l o =-100mA 


0 




V s -5 


V 


l o =-50mA 


0 




Vs-3.5 



ELECTRICAL CHARACTERISTICS (Ta=-20~+75°C, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Mm 


Typ 


Max 


'sdeak) 


Supply leakage current 


V S =40V 






100 


juA 


v cE(sat) 


Output saturation voltage 


V,= V S -5V, lo=-100mA 




0. 82 


1.5 


V 


Vi=V s -3.5V, l o =-50mA 




0. 75 


1.2 


1. 


Input voltage 


V|=V S -8.5V 




-380 


-670 


,uA 


V F 


Clamp diode forward voltage 


l F =- 100mA 




-1.1 


-2.4 


V 


V R 


Clamp diode reverse voltage 


l R =100>A 


40 






V 


h FE 


DC forward current gain 


V S -V 0 =4V, l o =-100mA, T a =25°C 


500 


2800 







TYPICAL CHARACTERISTICS 
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AMBIENT TEMPERATURE T a (°C) 
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7-UNIT 150mA SOURCE TYPE DARLINGTON TRANSISTOR ARRAY 



ALLOWABLE OUTPUT CURRENT 
AS A FUNCTION OF DUTY CYCLE 
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M54561P 



7-UNIT 300mA SOURCE TYPE DARLINGTON TRANSISTOR ARRAY 



DESCRIPTION 

The M54561P, 7-channel source driver, consists of 7 PNP and 
14 NPN transistors connected to form high current gain driv- 
er with PNP action. 

FEATURES 

• High output sustaining voltage to 40V 

• High output source current to 300mA 

• Integral diode for transient suppression 

• Active "L" input 

• Wide operating temperature range (T a =—20 — h75°C ) 

APPLICATION 

Relay and printer driver, LED, incandescent or fluores- 
cent display driver, Active "L" input, Interfacing for stan- 
dard MOS/BIPOLAR logics 

FUNCTION 

The M54561P functions like a PNP transistor and the com- 
pound PNP/NPN/NPN output provides high current gain. 
Each output has an integral diode for inductive load transient 
suppression and the anodes of the diodes and the substrate 
are connected together to pin 9 . 

The output are capable of driving 300mA and are rated for 

operation with output voltage up to 40V. 

The output is turned ON by switching the input low. 




PIN CONFIGURATION (TOP VIEW) 
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unit : n 



16-pin molded plastic DIP 



ABSOLUTE MAXIMUM RATINGS (T a =-20~+75°C, unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


Vceo 


Output sustaining voltage 


Output is in "L" 


-0. 5 — h40 


V 


V s 


Supply voltage 




40 


V 


v, 


Input voltage 




0 — h40 


V 


'o 


Output current 


Per channel current at "H"output 


-300 


mA 


If 


Clamp diode forward current 




-300 


mA 


V r 


Clamp diode reverse voltage 




40 


V 


Pd 


Power dissipation 


T a =25°C 


1.47 


W 


Topr 


Operating ambient temperature range 




-20 — 1-75 


°c 


Tstq 


Storage temperature range 




-55-+125 


°C 
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7-UNIT 300mA SOURCE TYPE DARLINGTON TRANSISTOR ARRAY 



RECOMMENDED OPERATIONAL CONDITIONS (T a =-20~+75 C, unless otherwise noted) 



Symbol 


Parameter 


Limits 


Unit 


Min 


Typ 


Max 


V s 


Supply voltage 


0 




40 


V 


'o 


Output current 
per channel 


Percent duty cycle 
less than 15% 


0 




-250 


mA 


Percent duty cycle 
less than 50% 


0 




-100 


V, H 


"H" Input voltage 


Vs-0. 2 




V s +0. 3 


V 


'v IL 


"L" Input voltage | l o =-250mA 


0 




Vs-3 


V 



ELECTRICAL CHARACTERISTICS (Ta=-20~+75 o C, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


's(leak) 


Supply leakage current 


V S =40V 






100 


juA 


v cE(sat) 


Output saturation voltage 


V|=V S -3V, l 0 = -250mA 




1.6 


2.3 


V 


V,=V S -3V, l 0 =- 100mA 




1.45 


2.0 




Input current 


V,=V s -3. 5V 




-150 


-250 


MA 


V F 


Clamp diode forward voltage 


l F =— 300mA 




-1.6 


-2.4 


V 


V R 


Clamp diode reverse voltage 


l R =100^A 


40 






V 


h FE 


DC forward current gain 


V S -V 0 =4V, l 0 = -300mA, T a =25°C 


1000 


8000 







TYPICAL CHARACTERISTICS 



ALLOWABLE AVERAGE 
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ALLOWABLE OUTPUT CURRENT 
AS A FUNCTIONAL OF DUTY CYCLE 
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MITSUBISHI BIPOLAR DIGITAL ICs 

M54580P 

7-UNIT 150mA SOURCE TYPE DARLINGTON TRANSISTOR ARRAY 



DESCRIPTION 

The M54580P, 7-channel source driver, consists of 7 PNP 
and 7 NPN transistors connected to form high current gain 
driver with PNP action. 

FEATURES 

• High output sustaining voltage to 50V 

• High output source current to 150mA 

• Wide operating temperature range (T a = —20 — h75°C ) 

APPLICATION 

Relay and printer driver, LED, incandescent or fluores- 
cent display driver, Interfacing for standard MOS/BIPO- 
LAR logics 

FUNCTION 

The M54580P is comprised of seven PNP-NPN darlington 
source driver pairs with a diode and 7 kf) resistor in series 
to the input. The output is turned ON by switching the input 
low. Each output has 50kH pull-down resistor suitable for 
driving fluorescent displays. The outputs are capable of driv- 
ing 100mA and are rated for operation with output voltage up 
to 50V. 




PIN CONFIGURATION (TOP VIEW) 



INPUTS < 
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CIRCUIT SCHEMATIC 




-o OUTPUT 
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unit : n 



16-pin molded plastic DIP 



ABSOLUTE MAXIMUM RATINGS (T a =-20~+75 o C ( unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


V s 


Supply voltage 




50 


V 


VcEO 


Output sustaining voltage 


Transistor OFF 


—0. 5 — h50 


V 


v, 


Input voltage 




o~v s 


V 


lo 


Output current 


Transistor OFF 


-150 


mA 


Pd 


Power dissipation 


T a =25°C 


1.47 


W 


T opr 


Operating ambient temperature range 




—20 — h75 


°C- 


Tsta 


Storage temperature range 




-55 — H25 


°C 
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7-UNIT 150mA SOURCE TYPE DARLINGTON TRANSISTOR ARRAY 



RECOMMENDED OPERATIONAL CONDITIONS (T a 20~+75°C, unless otherwise noted) 



Symbol 


Parameter 


Limits 


Unit 


Mm 


Typ 


Max 


V s 


Supply voltage 


4 




50 


V 




Output current 


All outputs conducting simultaneously 
Percent duty cycle less than 85% 


0 




-100 


mA 


lo 


per channel 


All outputs conducting simultaneously 
Percent duty cycle less than 100% 


0 




-50 


V, H 


"H" Input voltage 


lodeaki^SOM 


V s -0.4 




V s 


V 


V 1L 


"L" Input voltage 


l 0 = -100mA 


0 




V s -3. 2 


V 



ELECTRICAL CHARACTERISTICS (T a =-20~+75°C, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


V(BR)CEO 


Output sustaining voltage 


l CE o= 100/uA 


50 






V 


v cE(sat) 


Output saturation voltage 


Vi = V s -3. 2 V 


l 0 = -100mA 




0.9 


1.5 


V 


l 0 =-50mA 




0.8 


1.2 


li 


Input current 


Vi = V s -3. 5V 




-0.3 


-0.6 


mA 


V, = V S -6V 




— 0. 65 


— 0. 95 


Ir 


Input leakage current 


V, =40V 






100 


MA 


h FE 


DC forward current gam. 


V CE =4V, V s =10V, l c =-100mA, T a =25*C 


800 


3000 







TYPICAL CHARACTERISTICS 
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7-UNIT 150mA SOURCE TYPE DARLINGTON TRANSISTOR ARRAY 



ALLOWABLE OUTPUT CURRENT 
AS A FUNCTION OF DUTY CYCLE 
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M54581P 

8-UNIT 500mA SOURCE TYPE 
DARLINGTON TRANSISTOR ARRAY WITH CLAMP DIODE 



DESCRIPTION 

The M54581P, 8-channel source driver, consists of 8 NPN 
and 8 PNP source type darlington transistors connected to 
form high current gain driver. 

FEATURES 

• High output sustaining voltage to 50V (BV CE o>50V) 

• High output source current to 500mA 

(lo(max) = =-500mA) 

• "L" active input level 

• Internal input diode 

• Integral clamp diode for transient suppression 

• Wide operating temperature range (T a =— 20 — h75°C) 

APPLICATION 

Relay and printer driver, LED or incandescent or 
fluorescent display driver, Interfacing for standard 
MOS/BIPOLAR logics and interfacing for relay, solenoid 
or small printer 

FUNCTION 

The M54581P is composed of 8 PNP and 8 NPN source 
type darlington transistors. A diode and a resistor of 7k CI is 
connected between the input pin and the base of PNP tran- 
sistor. The emitter and the collector of NPN transistor are 
connected to V s (pin 9), and the output NPN transistors are 
in darlington configuration. An integral clamp diode is in- 
serted between each output and GND, and V s (pin 9) and 
GND (pin 10) are common to the 8 circuits. 
The outputs are capable of driving 500mA and are rated for 
operation with output voltage up to 50V. 
The device is activated with "L" level input. 




PIN CONFIGURATION (TOP VIEW) 



E 



1- 
33- 
1- 
HJ- 
13- 
1- 
1- 
33- 
U 



•01 

02 

03 
•04 

_ OUTPL 
05 

06 

07 

08 

GND GND 



Outline 18P4 



CIRCUIT SCHEMATIC (EACH CIRCUIT) 



~T O V s 




~L O GND 



V s and GND are common to the 8 circuits 

The diodes shown by broken line are parasite diodes and 
must not be used 



Unit : n 



18-pin molded plastic DIP 



ABSOLUTE MAXIMUM RATINGS (T a =-20~+75'C, unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


Vceo 


Output sustaining voltage 


Output is in "L" 


-0. 5 — h50 


V 


V s 


Supply voltage 




-0. 5 — h50 


V 


V, 


Input voltage 




O, V s — 30 


V 


lo 


Output current 


Per channel current at "H" output 


-500 


mA 


If 


Clamp diode forward current 


Per channel current 


-500 


mA 


Vr 


Clamp diode reverse voltage 




-0. 5-+50 


V 


Pd 


Power dissipation 


T a =25°C 


1.79 


W 


Topr 


Operating ambient temperature range 




-20 — h75 


°C 


Tstg 


Storage temperature range 




-55 — H25 


°C 
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M 5458 IP 

8-UNIT 500mA SOURCE TYPE 
DARLINGTON TRANSISTOR ARRAY WITH CLAMP DIODE 



RECOMMENDED OPERATIONAL CONDITIONS (T a =-20+75°C, unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Limits 


Unit 


Min 


Typ 


Max 


V s 


Supply voltage 




0 




50 


V 


'o 


Output current per channel 


Percent duty cycle less than 8% 


0 




-350 


mA 


Percent duty cycle less than 55% 


0 




-100 


V, H 


"H" Input voltage 


lo(leak) =— 50 -" A 


V s -0. 7 




V s 


V 




"L" Input voltage 


l c = -350mA 


0 




V s -3.6 


V 



ELECTRICAL CHARACTERISTICS (T a =-20+75°C, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Mm 


Typ 


Max 


'ceo 


Output leakage current 


V CE o=50V 






-100 


juA 


VcE(sat) 


Output saturation voltage 


V|=V S -3.2V, lc=-100mA 






2.0 


V 


V,=V s -3. 6V, l 0 = -350mA 






2.4 


h 


Input current 


V,=V s -3. 6V 






-600 


juA 


V,=V S -15V 






-3.2 


mA 


V R 


Clamp diode reverse voltage 








50 


V 


V f 


Clamp diode forward voltage 


l F = -350mA 






-2.4 


V 



TYPICAL CHARACTERISTICS 

ALLOWABLE AVERAGE 
POWER DISSIPATION 



OUTPUT CURRENT CHARACTERISTICS 




O 



500 
400 
300 
200 
100 



— 1 "1 

T a =75°C 

T a -25°C 


r- 
































Ta=~20X 
w =?0V 




















=4V 






































































i 


























































1 













AMBIENT TEMPERATURE T a (°C) INPUT VOLTAGE Vg-V^V) 
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M 5458 IP 

8-UNIT 500mA SOURCE TYPE 
DARLINGTON TRANSISTOR ARRAY WITH CLAMP DIODE 



ALLOWABLE OUTPUT CURRENT 
AS A FUNCTION OF DUTY CYCLE 



-500 



< 
E 



-400 



-300 



=5 

o 



-200 



-100 




• The current is showi. - 
— by the value per output 

• Repetive Frequency^ 10H Z 

• The number in O is thep^ 
number of output s conducting 
simultaneously. ~ l 1 r ~ 
T fl =25°C I 1 



20 



40 



60 



80 



100 



ALLOWABLE OUTPUT CURRENT 
AS A FUNCTION OF DUTY CYCLE 



o 



-500 



-300 



-200 



-100 




by the value per output 
^Repetitive Frequency^ • The number in O is the~ 

10Hz number of outputs "T 

• T a =75°C conducting simultaneous 



DUTY CYCLE (%) 



0 20 40 60 80 100 
DUTY CYCLE {%) 



CURRENT GAIN VS 
OUTPUT CURRENT 



10000 
7 
5 



z 

< 



1000 

- 7 
5 



2 

100, 



T a =75°C: 

T a =25°C- 

T a =-20°C 

V S =20V 
V CE =4V 



5 7 100 



3 5 7 1000 



OUTPUT CURRENT l c (mA) 
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MITSUBISHI BIPOLAR DIGITAL ICs 

M54586P 

8-UNIT 500mA SOURCE TYPE DARLINGTON TRANSISTOR ARRAY 



DESCRIPTION 

The 54586P, 8-channel source driver, consists of 8 NPN 
and 8 PNP source type darlington transistors connected to 
form high current gain driver. 

FEATURES 

• High output sustaining voltage to 50V (BV CEO >550V) 

• High output source current to 500mA 

(lo(max)=-500mA) 

• "L" active input level 

• Internal input diode 

• Wide operating temperature range (T a =— 20 — h75°C) 

APPLICATION 

Relay and printer driver, LED or incandescent or 
fluorescent display driver, Interfacing for standard 
MOS/BIPOLAR logics and interfacing for relay, solenoid 
or small printer 

FUNCTION 

The M54586P is composed of 8 PNP and 8 NPN source 
type darlington transistors. A diode and a resistor of 7k Cl is 
connected between the input pin and the base of PNP tran- 
sistors. The emitter of the transistor and the collector of 
NPN transistor are connected to V s (pin 9), and a resistor 
of 50k CI is connected between each output pin and GND 
pin (pin 10). 

The outputs are capable of driving 500mA and are rated for 
operation with ortput voltage up to 50V. 
The device is activated with "L" level input. 



PIN CONFIGURATION (TOP VIEW) 



IN1 - 
IN2- 
IN3- 
IN4- 
IN5- 
IN6- 
IN7- 
IN8- 
V s 



u 





01 


33- 


02 


«h 


03 




04 




05 




06 


i- 


07 


ID- 


08 


33 


GND 



Outline 18P4 




CIRCUIT SCHEMATIC (EACH CIRCUIT) 



INO T \ < Wv- 
INPUT | 7k 

I 

i 



L 



7k < 



< ? 



3k 

-AM 

50k 



-AAA— | 1 oOUT 

I OUTPUT 



GND 



V s and GND are common to the 8 circuits. 

The diodes shown by broken line are parasite diodes and 

must not be used. 

Unit : n 



18-pin molded plastic DIP 



18-pin molded plastic DIP 



ABSOLUTE MAXIMUM RATINGS (T a =-20~+75°C, unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


V s 


Supply voltage 




-0. 5 — f-50 


V 


VcEO 


Output sustaining voltage 


Output is in "L" 


-0. 5 — h50 


V 


v, 


Input voltage 




-0. 5 — hV s 


V 


lo 


Output current 




-500 


mA 


Pd 


Power dissipation 


T a =25°C 


1.79 


W 


Topr 


Operating ambient temperature range 




-20 — h75 


°c 


Tstg 


Storage temperature range 




-55—+125 


°c 



9-128 



A MITSUBISHI 
ELECTRIC 



MITSUBISHI BIPOLAR DIGITAL ICs 

M54586P 



8-UNIT 500mA SOURCE TYPE DARLINGTON TRANSISTOR ARRAY 



RECOMMENDED OPERATIONAL CONDITIONS (T a =-20~+75'C, unless otherwise noted) 



Symbol 


Parameter 


Limits 


Unit 


Mm 


Typ 


Max 


V s 


Supply voltage 


4 




50 


V 


lo 


Output current 

per channel when 8 outputs 

are conducting simultaneously 


Percent duty cycle 
less than 8% 


0 




-350 


mA 


Percent duty cycle 
less than 60% 


0 




-100 


V, H 


"H" Input voltage 


lo(leak)^50^A 


Vs-0. 7 




V s 


V 


V, L 


"L" Input voltage 


l 0 ^— 350mA 


0 




V s -3. 6 


V 



ELECTRICAL CHARACTERISTICS (T a =-20~+75°C, unless otherwise netted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


'o(leak) 


Output leakage voltage 


V CE o=50V 






-100 


/uA 


VcE(sat) 


Output saturation voltage 


Vi=V s -3.2V, 1 0 =- 100mA 




1.6 


2.0 


V 


Vi=V s -3.6V, l 0 = -350mA 




1.8 


2.4 


I, 


Input current 


V|=V s -3. 6V 




-320 


-600 


A* A 


V,=V S -15V 




-1.6 


-3.2 


mA 




Collector-emitter saturation voltage 


V CE =4V, V S =20V, l 0 = -350mA, T a =25°C 


800 


3500 







TYPICAL CHARACTERISTICS 



5 CO 

| Q 0.5 



ALLOWABLE AVERAGE 
POWER DISSIPATION 



OUTPUT CURRENT CHARACTERISTICS 




-500 



-400 



E -300 



-200 



-100 




AMBIENT TEMPERATURE T a (°C) 



12 3 4 

V S -V IN (V) 
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MITSUBISHI BIPOLAR DIGITAL ICs 

M54586P 



8-UNIT 500mA SOURCE TYPE DARLINGTON TRANSISTOR ARRAY 



ALLOWABLE OUTPUT CURRENT ALLOWABLE OUTPUT CURRENT 

AS A FUNCTION OF DUTY CYCLE AS A FUNCTION OF DUTY CYCLE 




OUTPUT CURRENT l c (mA) 
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MITSUBISHI BIPOLAR DIGITAL ICs 

M54569P 

8-UNIT 30mA PNP TRANSISTOR ARRAY 



DESCRIPTION 

The M54569P, general purpose transistor array, consists of 8 
PNP transistors connected in a common-emitter configura- 
tion. 

FEATURES 

• 20V breakdown 

30mA output source current capability 

• Wide operating temperature range (T a = —20 — \-7b°C ) 

APPLICATION 

LED or incandescent display driver 

FUNCTION 

The M54569P is comprised of 8 PNP transistors. All emitters 
are connected to pin 10. Each transistor is capable of 
switching 30mA and will withstand 20V in the OFF state. 




PIN CONFIGURATION (TOP VIEW) 


B1 -\T 

ci — |~r 


v. 

— ' > — i 


J 

— ' \ — 


j3-B8 

1 

l7|-> C8 


no i — 

B2 — | 3 
C2 -[7 




Ji 


— 1 

2ir 67 

J5]-C7 


B3 -[T 

C3 *-|T 






17|«- B6 

IEH C6 


B4 -[7 
C4* |T 




X. 


17J-B5 

ID - * 05 


GND [T 








Outline 18P4 



18-pin molded plastic DIP 




ABSOLUTE MAXIMUM RATINGS (T a =-20~+75°C, unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


Vcbo 


Collector-base sustaining voltage 


Base voltage . 0V 


-40 


V 


Vebo 


Emitter-base sustaining voltage 


Base voltage . OV 


—40 


V 


VcEO 


Collector-emitter sustaining voltage 


Emitter voltage : 0V 


-20 


V 


lc 


Collector current per transistor 




-30 


mA 


Ib 


Base current per transistor 




-20 


mA 


Pd 


Power dissipation 


T a =25°C 


1.47 


W 


Topr 


Operating ambient temperature range 




-20 — h75 


°C 


T s ta 


Storage temperature range 




—55— +125 


°C 
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MITSUBISHI BIPOLAR DIGITAL ICs 

M54569P 



8-UNIT 30mA PNP TRANSISTOR ARRAY 



RECOMMENDED OPERATIONAL CONDITIONS (T a =-20~+75°C, unless otherwise noted) 



Symbol 


Parameter 


Limits 


Unit 


Min 


Typ 


Max 


lc 


Collector current | Ib=— 3mA 


0 




-20 


mA 


Ib 


Base current 


0 




-10 


mA 


v E 


Emitter voltage 


-0.3 




20 


V 


V B 


Base voltage 


-0.3 




V E 


V 



ELECTRICAL CHARACTERISTICS (T a =-20~+75°C, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


V(BR) CBO 


Collector-emitter sustaining voltage 


l c =-10>A, V B =0V 
v E : OPEN 


-40 






V 


V(BR)EBO 


Emitter-base sustaining voltage 


l E =-10/iA, V B =0V 
v c : OPEN 


-40 






V 


V(BR) CEO 


Collector-emitter sustaining voltage 


l c =— 100//A, V E =0V 
v B : OPEN 


-20 






V 


VcE(sat) 


Collector-emitter saturation voltage 


l c =-20mA l B =-3mA, V E =5V 




-0. 09 


-0.3 


V 


l c = -2mA l B = -0. 2mA, V E =5V 




-0. 02 


-0. 28 


h FE 


DC forward current gain 


V CE =-4V 
^=25^ 


l c =-2mA 


20 


100 






l c =-20mA 


15 


70 





TYPICAL CHARACTERISTICS 

OUTPUT CHARACTERISTICS 



D 
O 



o 
o 



o 
o 



Jb =-3mA 

— T a =75"C 

— T a =25°C 

— T a =-20°C 



0 50 100 150 200 

COLLECTOR-EMITTER SATURATION 

VOLTAGE V CE (sat)(mV) 



DC CURRENT GAIN 

CHARACTERISTICS 



13 
O 

o 

Q 

































V 


CE=4\ 


/ 












































1 

T 


a — /a 
a =25°C 
a =-20°C 
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-3 -5 -7 -10 -3 -5 -7-100 

COLLECTOR CURRENT l c (mA) 
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QUICK REFERENCE TABLE OF ELECTRONIC VOLUME CONTROL, BATTERY CHECKER 



Classification 


Type 


Function 


Features 


Maximum ratings 


Electrical characteristics 


Package 
outlines 


Interchange- 
able 
products 


Supply voltage 
range 

V cc 
C V; 


Power 
dissipation 
Pd 

(mW) 


Circuit 
current 

Ice 
CmA; 


Remarks 


Electronic 
volume 


M5222 


Two - channel voltaQe 
controlled amplifier 
(VCA) for use in a 
low-voltage electronic 
volume control 


• A-curve characteristics 
(logarithmic response) 

• Low-voltage operation 

• Large attenuation. ATT=90dB 


1.8—20 


800/625/440 


3.6 




L: 8-pin SIP 
P: 8-pin DIP 


- 


★ 

M5241 L 


Two-channel VCA with 
a high withstand voltage 
for use in a hi-fi electro- 
nic volume control 


A WiH^ Qiirtnlv/ v/r^ltfln g± ranno 
~ vv iut? oujjfjiy vvjiiciytJ i &\ • y t? 

• Low distortion- THD=0. 02% 

• Large attenuation. ATT=90dB 

• Independent control capability 
for R and L channels 


±3— ±18 


800 


9.0 




10-pin SIP 




Battery 
checker 


M5232L 


Voltage detector/on-off 
alarm circuit 


• Built-in comparator, osccilator 
circuit, reference voltage 
generator and voltage regulat- 
ing circuits 

• Variable LED flash rate 


5—20 


800 


2.0 


V re f= 1-31V 
f=1.8Hz 


8-pin SIP 





New product 




8-pin SIP 8-pin DIP 10-pin SIP 



MITSUBISHI LINEAR ICs 



M5222L, P, FP 

VOLTAGE CONTROLLED AMPLIFIER(VCA)FOR USE 
IN A LOW-VOLTAGE ELECTRONIC VOLUME CONTROL 



DESCRIPTION 

The M5222 is a semiconductor integrated cirucit consisting 
of a dual voltage controlled amplifier (VCA) designed for 
use in an electronic volume control. Operable over a wide 
supply voltage range from 1.8V to 20V, the M5222 is avail- 
able in a compact 8-pin SIP, DIP or FP. The two built-in 
channels and especially the attenuation characteristics that 
change logarithmically with respect to the external DC con- 
trol voltage (a response equivalent to the A-curve volume) 
permit the M5222 to be applied widely in portable stereo 
radio/cassette recorders, car stereo system, and electronic 
musical instruments. 

FEATURES 

• Operable at low voltages V C c=1 -8~20V 

• Two built-in channels 

Simultaneous control of both channels is 

possible with V c (control) at Pin © 

• Logarithmic response VCA 

Logarithmic response equivalent to A-curve 

volume 

• Wide attenuation range 

0dB(V c %0) 90dB(V c %-270mV)(typ.) 

• High maximum input voltage 

Vi=1.0Vrms(typ.)(@V cc =3V) 

• Low distortion THD=0.05% 

• Similar characteristics between the two channels 



PIN CONFIGURATION (TOP VIEW) 
SIP 

TJ(H-) SUPPLY 
7] OUTPUT 2 
T| INPUT 2 
T) V c (CONTROL) 
T] GND 

T|C0M(V cc /2) 
T] INPUT 1 
7] OUTPUT 1 




DIP, MINIFLAT 



OUTPUT 1 [T O 
INPUT 1 [T 
COM [T 
GND |T 



][]( + ) SUPPLY 
7] OUTPUT 2 
J] INPUT 2 
T) V c (CONTROL) 




8-pin molded plastic SIP 



APPLICATION 

As an electronic volume control in portable stereo radio/cas- 
sette recorders, car stereos, electronic musical instruments, 
VCAs. 




8-pin molded plastic FP 

(MINI FLAT) 8-pin molded plastic DIP 



BLOCK DIAGRAM 



4 1 



INI o — ^- — vw 



IN2 0 fj- Wv- 



<s>- 




+ 



-O OUT1 



^ O OUT2 



♦ COM ISVcc/2 POINTS 



Note: 1. R| is used to convert input voltage to current. 

2. R 0 is an output resistor used to convert the currentoutput signal to voltage Connect this output with COM pin (3^> to fix the 
DC output potential 

3. The COM pin is used for making a 1 /2pint supply voltage within the IC. It is used in connecting R Q and in V c control 
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MITSUBISHI LINEAR IC* 

M5222L, P, FP 



VOLTAGE CONTROLLED AMPLIFIER(VCA)FOR USE 
IN A LOW-VOLTAGE ELECTRONIC VOLUME CONTROL 



ABSOLUTE MAXIMUM RATINGS (T a =25°C unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


Vcc 


Supply voltage 




20 


V 


Pd 


Power dissipation 




800(SIP)/625(DIP)/440(FP) 


mW 


k e 


Thermal derating 


T a ^25°C 


8(SIP)/6.25(DIP)/4.4(FP) 


mW/°C 


Topr 


Operating temperature range 




-20 — 1-75 


°C 


T stg 


Storage temperature range 




-55 — H25 


°C 



ELECTRICAL CHARACTERISTICS (T a =25°C, unless otherwise noted) 



Symbol 


Patameter 


Test conditions 




Limits 


Unit 


Vcc 


Min 


Typ 


Max 


Ice 


Circuit current 


Vi=0, V c =0 


3V 


2.5 


3.6 


5.5 


mA 


VjMl 


Maximum input voltage 


f=1kHz 

V c =0 

THD=1% 


R,=10kQ 
R o =20kQ 


3V 


0.7 


1.0 




Vrms 


VjM2 


Maximum input voltage 


R,=50kQ 
R o =100kQ 


9V 


2.3 


3.4 




Vrms 


ATT M 


Maximum attenuation 


R,=10kQ, R o =20kQ 
V c =— 270m V 


3V 


80 


90 




dB 


ATToi 


Attenuation error 


f=1kHz 

V c =0 

V,=0dBm 


R,=10kQ 
R o =20kQ 


3V 


-4.4 


-1.4 


+1.6 


dB 


ATT 02 


Attenuation error 


R,=50kQ 
R o =100kQ 


9V 


-5.0 


-2.0 


+1.0 


dB 


A ATT 


Attenuation deviation between chan- 
nels 


f=1kHz, V c =0, Vj=0dBm 
R,= 10kD,R o =20kQ 


3V 




0. 1 


3.0 


dB 


Vnoi 


Noise output voltage 


V c =0(ATT= — 1.4dB),R,=10kQ 
R o =20kQ, BW=20Hz~20kHz 


3V 




30 


60 


//Vrms 


Vn02 


Noise output voltage 


ATT=— 40dB, R,= 10kQ 
R o =20k Q , BW=20Hz~20kHz 


3V 




5 




//Vrms 



TEST CIRCUIT 



9 Vcc 




MITSUBISHI LINEAR ICs 

M5222L, P, FP 



VOLTAGE CONTROLLED AMPLIFIER(VCA)FOR USE 
IN A LOW-VOLTAGE ELECTRONIC VOLUME CONTROL 



SWITCH MATRIX 



Parameter 


SWi 


SW 2 


sw 3 


sw 4 


SW 5 


SW 6 


SW 7 


SW 8 


•cc 


2 




OFF 


2 




1/2 


2 


2 


V iM 


1 






ON 


2 




1/2 


1 


1 


2 






ON 


2 




1/2 


1 


1 


ATTM 






ON 


1 




1/2 


2 


2 


ATT 


01 






ON 


2 




1/2 


2 


2 


02 






ON 


2 




1/2 


2 


2 


V N o 


1 


2 




ON 


2 




1/2 


1 


1 


2 


2 




ON 


1 




1/2 


1 


1 



(Note)1. Use OdB amplification when measuring Vj M 

2. Use 40dB amplification when measuring V NO 

3. V N o = measurement value/1 00(40dB) C^Vrms] 
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MITSUBISHI LINEAR ICs 

M5222L, P, FP 

VOLTAGE CONTROLLED AMPLIFIER(VCA)FOR USE 
IN* A LOW- VOLTAGE ELECTRONIC VOLUME CONTROL 



CONTROL VOLTAGE VS. SUPPLY VOLTAGE 



O +50 


E 




0 


0 


> 




LU 


-50 


CD 




i~ 


-100 


_i 




0 


-150 


>- 


_j 




0_ 

GC 


-200 






NO 


-250 


O 






-300 

























AT" 


"=0c 


B 














r=-20dE 












-AT - 










I I 












ATT=— 40dB 












1 1 1 

ATT=— 60dB 










AT - 


-= — 


80dE 


I 





















0 2 4 6 8 10 12 14 16 
SUPPLY VOLTAGE V cc (V) 



Q 
I 
h- 

Z 

o 

h- 
cc 
O 
\— 

CO 
Q 
O 

z 

o 

QC 
< 
X 



TOTAL HARMONIC DISTORTION 
VS. INPUT VOLTAGE 



100 

7 
5 
3 

10 

7 
5 
3 

1 

7 
5 
3 

0.1 

7 
5 
3 



0.01 



— I 1 1 1 I I 

:v cc =3v 


I — 
































































T= 1 K 

-V c = 
R,=1 
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R« = ?nkO 
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MITSUBISHI LINEAR ICs 

M5222L, P, FP 



VOLTAGE CONTROLLED AMPLIFIER(VCA)FOR USE 
IN A LOW-VOLTAGE ELECTRONIC VOLUME CONTROL 



BASIC PRINCIPLE OF OPERATION 

The M5222 is a current input, current output type of VCA 
IC. This amplifier uses the principle by which changing 
the balance of the differential circuit with external con- 
trol voltage V c will change gm. The circuit is also called 



a variable transconductance (variable gm) OP amp. 
The basic principle of operation will be simply ex- 
plained below. 



+v c 



I — ^aav 



777 




26 ( 40 is the Vcc/2 pin (COM pin) derived by voltage division by Bi, B 2 and so on. ALL coupling is internal. 
Fig. 1 M5222 EQUIVALENT CIRCUIT 



Basic voltage-current conversion mechanism for input 
and output 

Applying the input signal V| which flows through external 
input resistor R| results in a change to a current signal at 
input terminal IN. The V BE level shift of Ri, R 2l Q5, Qi, 
and Q2 will cause input pin IN to become ground level 
by means of V C c/2 in terms of direct current and to be- 
come ground level by means of the externally-con- 
nected capacitor in terms of alternating current. The sig- 
nal input in this way will be sent to the output pin as a 
current signal by the current mirror and differential cir- 
cuit. By taking this current signal through the externlaly- 
connected output resistor (load resistor), the signal can 
go through a current-to-voltage conversion and be 
obtained as output signal V 0 . 

The output transistors combine the currents by means 
of the joined PNP and NPN collector circuits. Basically, 
the DC potential floats and is not determined in this 
joining of currents. This is why one end of external- 
ly-connected resistor R 0 is connected to the V C c/2 pin 
and the DC level (V C c/2) at the time of no signal is set. 
Basic mechanism of attenuation 

The output is controlled by means of changing the con- 
trol voltage applied to the V c pin with respect to the 
COM pin (Vcc/2 pin) . By applying voltage from the 
COM pin to the base of one side of a differential circuit 
and applying voltage from the V c pin to the other base, 
the current distribution of the differential circuit is 
changed and the gain of this circuit is changed. 

Let us first consider when V c equals zero (V c — COM 
is shorted). Input signal Vj is converted to current by in- 



put resistor R| and the i currents (2i = Vj/R|) flow 
through the collectors of Qi and Q2. When the current 
flowing in Qj becomes i+i, the overall emitter current of 
the differential circuit consisting of Q10 and Qn will also 
be determined as I + i by means of current mirror (2). 
Since the base potential of Q10 and Qn is the same, the 
curret will be divided equally and current 0 + 0/2 will 
flow in each of Q10 and Qn. The current of current mirror 
(4) will also be determined as (I+0/2 because of this. 

Since the current of current mirror (1) is determined 
as 21 by the current flowing in Q3 and Q4, the total of the 
current flowing in Q2 and the current flowing in differen- 
tial circuit Qs, Q9 will also be 21. The current from Q2 
which will become I + i flows here and as a result, the 
overall emitter current of the differential circuit will be 21 

— (l+i) = I — i. This current is devided the same way as 
in the differential circuit consisting of Q10 and Qn with 
current (I— 0/2 flowing in each of Qs and Qg. From this, 
the current of current mirror (3) is determined as (I — 0 
/2 and the current of current mirror (5) becomes (I+i) 
12. 

Now, current (I — 0/2 from current mirror (4) flows in 
transistor Q12 of the output stage. Since the current flow- 
ing in transistor Q13 from current mirror (5) is held at (l 

— 0/2, connecting output resistor R 0 between the out- 
put pin and the COM pin will result in current i flowing 
through R Q and providing a voltage signal V 0 = i , Ro- 

Here, by selecting R Q — 2R,, V 0 =i # R 0 =2i* R,= Vj and 
the amplifier will have a gain of 1. 

Next, we will consider case of when control voltage 
V c is applied with regard to the selection of this resist- 
ance. 
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VOLTAGE CONTROLLED AMPLIFIER(VCA)FOR USE 
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Vcc/2 
p 




l+i 



io=- 



_2i 

1+exp(^r-Vc) 



The gain will be 

Vp ip'Ro 

Vi 2i-R, 



H-exp(-j^r-Vc) 
and when calculated in dB, 

20 log ( 2 



ATT= 



+exp(-j^r-Vc) 



As in the graph below, the attenuation will change logar- 
ithmically with respect to the change of V c . 



Fig. 2 DIFFERENTIAL CIRCUIT 

The values of V B e of the differential stage will be as 
follows: 

kT / lr 



ATTENUATION VS. CONTROL VOLTAGE 



*-*T*(*) 



where, /l s : the saturation current 
k: the Boltzmann constant 
q: the amount of electric charge on the elec- 
trons 

V: the absolute temperature 

From this, 

_w _ x/ __ v/ — kT ln lc 8 
— V c — Vbe8~V B e9— n In . 

g 'C9 



-V C =V B 



kT. Jen 
ln-j — 



Here, 



Ic8~r-lc9~=" I — i 
Icio+lcii^l — • 
kT 

-V C =— In- 



C8 



-V c 



kT 



-In 



■ — ■ — ICS 

>C11 



q " l-i-lcn 
The current flowing through Qs and Qn will be 



lcn — " 



(l-i)exp(-^-Vc) 
1+exp(— ^rVc) 
(l-fi)exp(-^rVc) 



I— i 



1+exp(- 



1+exp( — j^rVc) 



1+eX P (— j^rVc) 



Current l c n is the current of current mirror (4), and l C 8 
will be the same as ttie current of current mirror (5). 

At this time, the current that will flow through the out- 
put pin will be the same as that in the explanation when 
V c was equal to zero, and is expressed as 




CONTROL VOLTAGE 



Setting and connection of input/output resistance 

As explained above, the input signal is converted to cur- 
rent, but since the transistor of the input stage is biased 
at a fixed current of I =76/* A, the maximum value of the 
input current is determined at the least upper bound of I 
(FIG.3). Accordingly, when a large signal is input it is 
necessary to select a large input/ output resistance and 
decrease the input current. Note that increasing the re- 
sistance will also increase the noise distortion factor, so 
the value of the setting should be made to suit the par- 
ticular application. 




Fig. 3 MAXIMUM CURRENT SIGNAL 
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The M5222 has a floating-type output stage with the 
collectors of Q12 and Q13 joined as shown in FIG. 4. 
Here, the difference of the combined currents will be- 
come the output current that will flow through the load. 
Note that it is necessary to set the DC potential of this 
output pin by externally-connected resistor R Q and that 
it is generally DC-connected to the V C c/2 pin (or to pin 
(3)). 

In terms of AC, it is necessary to set the output pin to 
ground level so that capacitor C is required. Since the 
voltage gain (amount of attenuation) is determined by 
Ro, the value of the input impedance connected to the 
next stage is sometimes affected. (Placing Z\ in parallel 
with R 0 will lower the impedance.) Generally, a buffer 
amplifier composed of a transistor or OP amp con- 
nected. 




(b) 
Fig. 5 



APPLICATION EXAMPLES 

(1) TEMPERATURE COMPENSATED BIAS AND OUTPUT BUFFER CIRCUITS 



INPUT 1 O- 



2.2^ 



Ri 
10k 

-AW 



2 - 2 /" 10k 
INPUT 2 O — Wv 

Vcc 





-fir 



30k 
A/vV 



TEMPERATURE 
COMPENSATED 
- BIAS CIRCUIT 

XGENERAL 

PURPOSE SMALL 
BIGNAL DIODE 



O OUTPUT 1 



O OUTPUT 2 



Unit Resistance Q 
Capacitance F 



Note poing A is the V cc /2 pin which is set externally 
It may even be operated when internal pin (S> of 
M5222 is used 



A MITSUBISHI 
ELECTRIC 



10-9 



MITSUBISHI LINEAR ICs 

M5222L, P, FP 
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(2) PROGRAMMABLE ATTENUATION CIRCUIT 



2.2* 

M +"« 10k 
INPUT 1 o — ft^-*Mr 

INPUT 2 0 — ^WV 
2.2^ 




R ^-fl — o OUTPUT 1 
20k °?i^OUTPUT2 



Unit Resistance : 
Capacitance 



Q 
F 



ATTENUATION VS. AMBIENT TEMPERATURE 
(TEMPERATURE COMPENSATION) 



-10 



-20 



z 

o 

< 

Z -30 

UJ 
I— 

5c 

-40 





1 

ATT=0 


, 1 1 
dB (V c =-6mV) 














ATT=- 


-20dB 


(V c =- 


78mV) 














ATT= — 


-35dB ( 


V c =- 


26m V) 























(3) CONTROL APPLICATION WITH EXISTING VOLTAGE CONTROL 

o +V CC (3V) 



-20 0 +20 +40 +60 +80 
AMBIENT TEMPERATURE T a (°C) 



£l2k 



Vcc/2 



$2k VR 
(B TYPE) 



Unit Resistance Q 
Capacitance ■ F 



PRINTED CIRCUIT BOARD FOR CIRCUIT TESTING 

PRINTED CIRCUIT BOARD WIRING DIAGRAM (PARTS SIDE) 
(COPPER FOIL SIDE) 




E2E 
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VOLTAGE CONTROLLED AMPLIFIER(VCA)FOR USE 
IN AN ELECTRONIC VOLUME CONTROL 



DESCRIPTION 

The M5241L is a semiconductor integrated circuit consisting 
of a dual voltage controlled amplifier (VCA) with a 2-power 
supply system designed for use in an electronic volume con- 
trol for analog signals- Housed in a 10-pin SIP, the M5241L 
as two built-in channels and is designed to hi-fi specifica- 
tions with a high dynamic range, low distortion factor, and 
high signal-to-noise ratio. There are control pins for each 
channel permitting independent control of each channel with 
an external DC control voltage. The attenuation characteris- 
tics change logarithmically with respect to the external DC 
control voltage (a response equivalent to the A-curve 
volume) and make the M5241L and ideal electronic volume 
control for use in stereos, radio/cassette recorders, car au- 
dio systems, hi-fi VTRs, and electronic musical instruments. 

FEATURES 

• Two built-in channels with independent control pins 

Independent control of each channel is 

possible with V c (control) at pins © and ® for 
channels 1 and 2, respectively. 

• High maximum input voltage 

Vj=3Vrms(when THD=0.5%) 

• Low distortion THD=0.02%(when V 0 =1Vrms) 

• Wide attenuation range 0 100dB 

• High signal-to-noise ratio (dynamic range) 94dB 

(when ATT=0dB, R,=15kQ, R o =30kQ, and R c =1.8kQ) 

• Logarithmic response VCA 

••• Logarithmic response equivalent to A-curve volume 

• Bias boltage can be adjusted with external resistor 

• Can be operated with a single power supply 

Built-in COM Pin (D V C c/2 bias pin 

APPLICATION 

As an electronic volume control in stereo equipment, 
radio/cassette recorders, car audio systems, hi-fi VTRs, and 
as a program attenuator in electronic musical instruments. 



BLOCK DIAGRAM 




PIN CONFIGURATION (TOP VIEW) 



To] ( + ) SUPPLY 
"T\ OUTPUT 2 
8] INPUT 2 
T\ CONTROL 2 
^] CONTROL 1 
T]BIAS CONTROL 
T|( — ) SUPPLY 
T]gnd (COMMON) 
T| INPUT 1 
T] OUTPUT 1 




10-pin moded plastic SIP 
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IN AN ELECTRONIC VOLUME CONTROL 



APPLICATION EXAMPLE 



M5241 L 




2 



ABSOLUTE MAXIMUM RATINGS (T a =25°C, unless otherwise noted) 



Symbol 


Parameter 


Ratings 


Unit 


Vcc 


Supply voltage 


±18(36) 


V 


Pd 


Power dissipation 


800 


mW 



ELECTRICAL CHARACTERISTICS (T a =25°C, V C c=±15V,Ri=15kQ,R o =30kQ, V c =0V, Vj=10dBm,f=1kHz, unless 
otherwise noted) 



Symbol 


Parameter 


Conditions 


Typ 


Unit 


'cc 


Circuit current 


V,=0V 


3.8 


mA 


V|M1 


Maximum input voltage 


THD=0. b% 


3.0 


Vrms 


ATT M 


Maximum attenuation 


V c =— 300mV 


100 


dB 


ATT 


Attenuation error 




-0.5 


dB 


THD 


Total harmonic distortion 


V 0 =1Vrms 


0. 02 


% 


v NO 


Noise output voltage 


V|=0 input shorted 


57 


z«Vrms 



TYPICAL CHARACTERISTICS 

ATTENUATION VS. CONTROL VOTAGE 



T3 
I- 



I- 













Vcc 

v,= 


: = ±15V 
= 10dBm_ 
=1.8kQ 
= 15kQ 












Rc 












Ro 























































































* 0 —100 —200 —300 

CONTROL VOLTAGE V c (mV) 
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M5232L 



VOLTAGE DETECTOR/ON-OFF ALARM CIRCUIT 



DESCRIPTION 

The M5232L is a unique semiconductor integrated circuit 
designed for use as a voltage detector/ on- off alarm circuit. 

Housed in a compact 8-pin SIP, the M5232L contains a 
comparator, reference voltage source, a vibrator circuit for 
turning the LED on and off, and a voltage regulation circuit. 
When the input voltage of the comparator at Pin ® is higher 
than the internal reference voltage, the LED lights up, and 
when it is lower, the LED turns on and off. Also provided is 
an output pin (Pin ©) which does not operate intermittentlyk 
but permits a relay or micro buzzer to be driven while the 
LED is being turned on and off by Pin ®. Signals from a low 
voltage checker for batteries, or from optical or thermal sen- 
sors are detected at the input pin of the comparator (Pin ©) 
allowing the M5232L to be applied widely in the alarm and 
protection circuits of electronic equipment. 

FEATURES 

• Starting supply voltage at which the LED will blink can be 
set optionally by using external resistors Ri and R2 (in the 
case of a low voltage checker for batteries) 

• LED on/off frequency can be set optionally with external 
capacitor C1 

• Buily-in logic output pin (Pin ®) causes a high-to-low 
level transition as soon as the blinking begins 

• Hysteresis operation is possible at the blink starting 
voltage using Pin © 

• LED lights when the input voltage of the comparator at Pin 
® is higher than the internal reference voltage, permitting 
the M5232L to be used as a pilot lamp for power ON 
indication 



PIN CONFIGURATION (TOP VIEW) 




Vcc 

VOLTAGE SETTING 
HIGH/LOW 
LOGIC OUTPUT 
EXTERNAL 
CAPACITOR Ci 
GND 

LED BLINK DRIVE 

Vref CHECK 

VOTAGE REGULATOR 
OUTPUT 




8-pin molded plastic SIP 
APPLICATION 

Low voltage checker for batteries in equipment 
such as radio/cassette recorders, portable VTRs, 
cameras. Alarm and protection circuits of electronic 
equipment. 

RECOMMENDED OPERATING 
CONDITIONS 



Supply voltage range 



•V CC =5~18V 



BLOCK DIAGRAM 



Vcc (8 



VOLTAGE / 
SETTIh 



COMPARATOR 




\ , / VOLTAGE 

REGULATOR 
CIRCUIT 




GND (4 J 



frr 



Vref | 

REFERENCE 
IVOLTAGEI 
GENERATOR 
LCIRCUIT J 



VOLTAGE 

REGULATOR 

OUTPUT 



(2) V r ef 



CHECK 



EXTERNAL , 
CAPACITOR C1 



I LED BLINK DRIVE 



(q) high/low 

^ ; LOGIC OUTPUT 
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VOLTAGE DETECTOR/ON-OFF ALARM CIRCUIT 



ABSOLUTE MAXIMUM RATINGS (T a =25C, unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


V C c 


Supply voltage 




20 


V 


Pd 


Power dissipation 




800 


mW 


Ilp 


Load current 




50 


mA 


Ke 


Thermal derating 


T a ^25°C 


8 


mW/°C 


Topr 


Operating temperature range 




-20 — h75 


°C 


T stg 


Storage temperature range 




-55 — H25 


°C 



ELECTRICAL CHARACTERISTICS (T a =2 5 c) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Mm 


Typ 


Max 


'cc 


Circuit current 


V CC =9V, l L =0 




2.0 


3.0 


mA 


v 2 


Reference voltage 


V C c=9V, R L3 =400Q 


1.22 


1.31 


1.40 


V 


Vi 


Output voltage 


V C c=9V, R L3 =400Q 


3.6 


4.0 


4.4 


V 


v 3 


Saturation voltage 


Vcc=9V,R L3 =400Q 




0.2 


0.5 


V 


v 6 


Saturation voltage 


V CC =6V, R U6 =400Q 




0.2 


0.5 


V 


f 


Oscillation frequency 


V CC =6V, Ci=4. 7juF, R L3 =400Q 




1.8 




Hz 



TEST CIRCUIT 

Si 

Vcc 



7T 



: Ri75k 



: R 2 18k 



777" 



M5232L 



Ci4.7//F 



H 

— © S ^ 

-0 — v*. 



s 4 
— o— 



c 

do 



777- 777" 



Parameter 


Vcc 


Si 


s 2 


s 3 


s 4 


'cc 


9V 


OFF 


OFF 


OFF 




v 2 


9V 


ON 


ON 


OFF 


b 




9V 


ON 


ON 


OFF 


a 


v 3 


9V 


ON 


ON 


OFF 


c 


v 6 


6V 


ON 


OFF 


ON 


d 


f 


6V 


ON 


ON 


OFF 


c 



ov- 



1^ MEASUREMENT OF f ON CRT 
PIN (3) WAVEFORM f=1/T (Hz) 



(Duty cycle is approx 50%) 
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VOLTAGE DETECTOR/ON-OFF ALARM CIRCUIT 



1. Basic principle of M5232L operation 

• When supply voltage V C c is normal, the LED lights 
and functions as a pilot lamp. In this case, Pin (D 
drives the LED with open-collector output. 

• V C c drops, becoming V C ci and when the Pin © 
potential becomes 

v 7= r 1 _|_r 2 ' v cci<V re f 

the comparator inverts, the blink curcuit is switched 
on, and the LED blinks on and off. (V re f, produced by 
the internal reference voltage source, is 1.31V typ.) 

• The on/off alarm circuit shown on the right will acti- 
vate when the voltage is 6.8V, which is 25% less than 
V CC =9V (six 1.5V cells). 

• Pin © is an open-collector output that causes a high- 
to-low level transition simulataneously with the Pin (3) 
on/off operation. A micro buzzer, relay or other load 
can be connected across this pin and Pin © of V C c 
(Pin ®) for a wide range of applications. 



LOW VOLTAGE CHECKER FOR BATTERIES 
(SIMPLIFIED DIAGRAM) 




Supply 
vltage 5V 



Current 
flowing 
to LED 



Start level for LED blinking V cc i 




Blinking 



Continuous lighting 



Constant voltage until V C c 
// is approximately equal to 5V. 



Bettery replacement 



Pin© 
voltage 



k HIGH(OFF) 








LOW(ON) 





2. LED Drive current l F 




• Assuming that Pin ® output voltage is 4V, LED for- 
ward voltage is V F( and V3 is 0.2V, then 
, - 4V-0 .2V-V F 

l F is approximately equal to 4.6mA with V F = 2V, and 
Ri=390Q (in a typical application circuit). 



3. On/off oscillation frequency 

The on/off oscillation frequency can be varied by 
changing the value of external capacitor Ci. 



6 

^ 4 




Ol 1 1 1 1 1 1 

0 2 4 6 8 10 

Ct (^F) 

* If capacitance Ci is even further reduced, oscillation will 
be possible up to a frequency of about 10 kHz 
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TYPICAL CHARACTERISTICS 

POWER DISSIPATION VS. 
AMBIENT TEMPERATURE 



1000 




25 50 75 100 125 



AMBIENT TEMPERATURE T a (°C) 



O > 
> Ui 

is 

oft 

cc 



OUTPUT VOLTAGE. REFERENCE 
VOLTAGE VS. SUPPLY VOLTAGE 



T a =25 0 C 




Vi 
























V 2 (ref) 




— ^ 

















0 5 10 15 20 

SUPPLY VOLTAGE V cc (V) 
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VOLTAGE DETECTOR/ON-OFF ALARM CIRCUIT 



APPLICATION EXAMPLES 

1. Low voltage checker for batteries 




VOLTAGE 
GENERATOR 

2. Trouble indicator 




This low voltage checker for batteries is set to start the 
LED blinking when supply voltage Vcc = 9V (six 1.5V 
cells) is reduced by 25% (to 6.8V). 
Ci=4.7//F-f=1.8Hz 
C2, which has a value of 100pF, prevents oscillation. It 
should be inserted when the input/output leads are long 
or when parasitic oscillation is generated by the load. 



When the base of transistor Tn is set low (the normal 
condition), Pin © comparator voltage is set high, Pin ® 
is set low, and the LED is switched off. 

When the base of transistor T r i is set high (signifying 
trouble), Pin © comparator input voltage is set low, the 
internal vibrator circuit is switched on, Pin © is repe- 
atedly set high and low, and the LED blinks on and off. 
At the same time, an electronic buzzer can be sounded 
using Pin © or a relay can be driven. (An ordinary 
switch may be used in place of transistor T r i.) 



3. Abnormal temperature indicator 



Vcc 




. R4 Z 


:R 3 


: 27kj 


'390Q 




h LED 


3 






Tn 



77T 



In normal circumstances, the LED is off and power dis- 
sipation is kept low. In abnormal circumstances, the 
LED blinks on and off. It is also possible to sound a buz- 
zer or drive a relay using Pin ©. 



4. Timer and muting indicator 

I 
I 

I 




By connecting C2 in parallel with R2, V C c is switched on, 
the charging current indicated by the dotted line in the 
figure flows, and the LED blinks on and off until the Pin 
© voltage reaches: 
R 2 

Vcc ' R1+R2 

When C 2 is charged up, the LED will light. These op- 
erations can be applied to timer and muting circuits. 
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M5232L 



VOLTAGE DETECTOR/ON-OFF ALARM CIRCUIT 



5. Low voltage checker for batteries (of 5V or less) 



i r — ®— 

Vc 4- R 'l rf. 



I R2< 



I 



rrr 




LED 



Since output Pin © of the M5232L is regulated at 4V, 
the output is not stabilized at V C c 'ess than 5V. 

When an LED is connected directly from V C c as 
shown in the figure at left, it is possible to construct a 
battery checker for batteries of less than V C c 5V, (for 
instance, Vcc == 3^5V). Note that in this case, the l F of 
the LED will fluctuate in accordance with the changes in 
Vcc- 



6. Hysteresis operation of the on/off starting voltage 

Vcc | 




By connecting R H across pins © and ©, as shown in the 

figure on the left, the on/off starting voltage is set at: 

R^ -r f-R2 
V2(ref) * — — 

After the start of the on/off blinking, Pin © (the open 
collector) goes on, and so it is possible to apply hys- 
teresis and the voltage expressed below: 
Ri+R 2 //Rh 



V2(ref) 



R 2 //Rh 



7. Modification of output voltage V 



OUTPUT 
VOLTAGE Vi 



LED 




The output voltage Vi of the M5232L is set by the inter- 
nal resistor as shown in the figure at left, but this can be 
changed by connecting a semi-fized resistor across 
GND and pins © and (2). 



8. Increased current capacity of constant-voltage 
power supply 

CONSTANT-VOL 
T r1 POWER SUPPLY 




<\GE 

The current capacity of the built-in constant-voltage 
power supply is approximately 20mA. However, by 
attaching external transistor Tn as shown in the figure 
on the left, it is possible to obtain a constant-voltage 
power supply with a large current capacity of 1A or 
more. The output voltage of the power supply can also 
be varied with variable resistor V r i. 



Note • Oscillation may be generated when the input or output leads are long In cases like this, input and output capacitors Ci and C2 
(1~ 10uF) should be inserted near the IC 
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M50601P 



ELECTRONIC VOLUME CONTROL CMOS D-A CONVERTER 



DESCRIPTION 

The M50601P is a semiconductor integrated circuit de- 
signed to digitally control the control voltage of an electro- 
nic volume control. Fabricated using aluminum gate CMOS 
technology, this device contains a PWM-type 6-bit D-A 
converter that functions to control the amplitude of the ana- 
log signal by dividing it into 64 steps. 

FEATURES 

• Low power dissipation 

• Built-in ceramic oscillator for high frequency stability 

• Analog signal amplitude may be controlled over 64 
steps 

• Includes a memory function 

• Includes a preset function 

APPLICATION 

All types of electronic volume cotrols. 



PIN CONFIGURATION (TOP VIEW) 



PRESET DATA M 
CONTROL INPUT M 

RESET INPUT RESET 
NC 
PRESET 



RESET 
CONTROL 
INPUT 
MEMORY ^i^™ 
CONTROL MEMORY - 
INPUT 

(NoteD NU 

UP/DOWN I DOWN - 
CONTROL 

INPUTS UP- 




PRESET DATA 
CONTROL INPUT 



Hj|«-L 

J5] —> V 0 D/A OUTPUT 

U\ V DD (4.5~5.5V) 

U\ NC 

]|] NC 

Tj] V S s(0V) 

751 OSC IN I OSCILATOR 
KJJ UbU IN CIRCUIT 

7] -OSC OUTIq^uTS 

Outline 16P4 

NC : NO CONNECTION 
NOTE 1 : LEAVE PIN (6) OPEN , DO NOT USE 



FUNCTIONAL DESCRIPTION 

The M50601P is a CMOS integrated circuit containing a 6- 
bit up/down counter, oscillator circuit, dvider circuit, D-A 
converter, and the other circuits required to digitally pro- 
cess the control voltage of an electronic volume control. 
The major functions include both manual and automatic op- 
eration of the 6-bit up/down counter, and a memory func- 
tion designed to hold the contents of the up/down counter. 
It also has a preset function that allows the contents of the 
memory, or "0" or "32" to be set into the up/down counter. 



BLOCK DIAGRAM 



OSCILLATOR CIRCUIT 
INPUT/OUTPUT 



OSC IN (10, 
OSC OUT (9 



RESET INPUT RESET 



UP/DOWN CONTROL INPUTS 



DOWN (7 



PREPET DATA CONTROL INPUTS 



(4.5-5.5V) (OV) 
Vdd V S s 




OSCILLATOR 
CIRCUIT 




UP/DOWN 
CONTROL 
CIRCUIT 



MEMORY CONTROL INPUT MEMORY (¥) MEMORY 




-© 



PRESET DATAl 
GENERATION 
CIRCUIT 



DIVIDER 
CIRCUIT 



CHATTERING 
PREVENTION 
CIRCUIT 




D-A 
CONVERTER 



6-BIT 
UP/DOWN 
COUNTER 



PRESET 
PRESET CONTROL INPUT 



J5)V 0 D-A OUTPUT 
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ELECTRONIC VOLUME CONTROL CMOS D A CONVERTER 



FUNCTIONAL DESCRIPTION 
Oscillator Circuit 

The internal oscillator circuit generates a reference signal 
by connecting one ceramic resonator and two capacitors to 
the OSC IN and OSC OUT terminals. An example circuit is 
shown in Fig. 1. 



Memory Function 

When a pulse similar to the one shown in Fig. 2 is applied 
to the MEMORY pin, the contents of the 6-bit up/down 
counter are stored in memory. 



M50601P 



OSC IN 



OSC OUT 



© ®— 1 

HQ 



CERAMIC 

RESONATOR : CSB480A 

(Murata Mfg ) 
Cli,C L o MOOpF 



77T 



17T 



Fig. 1 . Example Oscillator Circuit (using a ceramic resonator) 

Up/Down Counter Function 

Each time the UP pin receives a high-level input, the con- 
tents of the 6-bit up/down counter are incremented by one 
step. The count will continue to "63", after which it will not 
increase. 

If the high level is held at the UP pin for 0.41 to 0.52 
seconds, the contents of the up/down counter will be in- 
cremented at a rate of approximately 9.77 steps/sec. The 
counter will stop when it reaches "63". 
Each time the DOWN pin receives a high-level input, the 
contents of the 6-bit up/down counter are decremented by 
one step. The count will continue to "0", after which it •will 
not decrease. 

If the high level is held at the DOWN pin for 0.41 to 0.52 
seconds, the contents of the up/down counter will be de- 
cremented at a rate of approximately 9.77 steps/sec. The 
counter will stop when it reaches "0". 
When both the UP and DOWN pins receive a simultaneous 
high-level input, the contents of the up/down counter will 
not change. 

The chattering prevention circuit also prevents data from 
being entered into the counter (for both of the UP and 
DOWN pins) if the duration of the high-level signal is less 
than 25 to 50ms. 



: MINIMUM OF 
OVER 100ms 



Fig. 2 . Input Signal Waveform at the MEMORY 
Terminal 

Preset Function 

When the PRESET pin and the the M pin are at low level 
and a pulse similar to the one shown in Fig. 3 is applied to 
the L preset to "0". 

When the PRESET pin and the L pin are at low level and a 
pulse signal similar to the one shown in Fig. 3 is applied to 
the M pin, the contents of the 6-bit up/down counter are 
preset to "32". 

When the L pin and the M pin are at low level and a pulse 
similar to the one shown in Fig. 3 is applied to the PRESET 
pin, the contents of the 6-bit up/down counter will not be 
preset. 



■4« 



■4* 



a : MINIMUM OF 
OVERIUUms 



Fig. 3. Input Signal Waveform for the L, M, 
PRESET Terminals 



and 



Reset Function 

Reset is a test function, When a high-level signal is applied 
to the RESET pin, the divider (480 kHz-4.88Hz) is reset. 

D-A Output 

The internal 6-bit D/A converter functions to control the 
analog signal amplitude in 64 steps. 

Output is repetitious at a frequency of 1.25 kHz ; it is a 
pulse-width modulated output with a minimum pulse width 
of12.5us. 

Operation of the UP or DOWN terminal, if set in the auto- 
matic mode, will increment or decrement the analog signal 
amplitude at a rate of approximately 9.77 steps/sec. Con- 
sequently, the time required to cover the full range from 
minimum to maximum analog value, or vice versa is approx- 
imately 6.45 seconds. 



10-20 



A MITSUBISHI 
ELECTRIC 



MITSUBISHI LSIs 

M50601P 



ELECTRONIC VOLUME CONTROL CMOS D-A CONVERTER 



ABSOLUTE MAXIMUM RATINGS 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


v DD 


Supply voltage 


With respect to V S s pm 


-0. 3—7 


V 


V, 


Input voltage 




V SS ^V,^V DD 




V 0 


Output voltage 




Vss^V 0 ^V DD 




Pd 


Maximum power dissipation 


T a =25°C 


300 


mW 


Topr 


Operating temperature range 




-30—70 


°C 


Tstg 


Storage temperature range 




-40-125 


°C 



RECOMMENDED OPERATING CONDITIONS 



Symbol 


Parameter 


Limits 


Unit 


Min 


Typ 


Max 


v DD 


Supply voltage 


4.5 


5 


5.5 


V 


fosc 


Oscillation frequency 


480 




kHz 




V, H 


"H" input voltage (Note 2) 


0.7XV DD 


V DD 


V DD 




V,L 


"L" Input voltage (Note 2) 


0 


0 


0. 3XV DD 





Note 2 : Applicable to the seven terminals, M, PRESET, RESET, MEMORY, DOWN, UP, and L. 



ELECTRICAL CHARACTERISTICS (T a =2 5 c v DD =5v v ss =ov Cli — Clo — 1 OOpF, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Mm 


Typ 


Max 


v DD 


Operating supply voltage 


T a =-30~70°C, f O sc=480kHz 


4.5 


5 


5.5 


V 


v DD 


Supply current 


fosc=480kHz 




0.3 


2 


mA 


Ri 


Pull-down resistor (Note 2) 


V,=5V 




100 




kn 


loH 


"H" output current 


V o =0V 


2 






mA 


l0L 


"L" output current 


V 0 =5V 


2 






mA 



APPLICATION EXAMPLE 




ANALOG OUTPUT 
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M51017AP 



FLEXIBLE DISK DRIVE (FED) REAP/WRITE AND LOGIC IC 



DESCRIPTION 

The M51017AP is a semiconductor integrated circuit de- 
signed for use in flexible disk drives. It consists of read, 
write, and stepping motor drive pulse generator circuit sec- 
tions, as well as a wide variety of control logic circuits. 

The M51017AP can be used for double-sided recording. 
The magnetic head is selected by side select signal. 

FEATURES 

• Read circuit section 

Amplifies the signals from the magnetic head and outputs 
the required read data. 

• Write circuit section 

Drives the write switching circuit according to the write 
data and the recording current is made to flow in the 
magnetic head. The recording current is set externally. 
Also drives the erasing circuit (tunnel erase system) 
according to the on/off switching of the write gate. The 
erase timing can be set by an external constant. 

• Stepping motor drive pulse generator section 
Generates a drive pulse corresponding to the two-phase 
excitation system according to the step input signal. 

A switching terminal for selecting one step/one pulse or 
one step/two pulses has been provided. The output is 
TTL level. 

• Control logic circuit sections 

(functions of each section are described later) 
The input circuit section provides hysteresis operation and 
LSTTL level, while the output circuit section has open col- 
lector output. 

• Housed in a 60-pin molded plastic quad flat package 
(with a lead pitch of 0.8mm) 



PIN CONFIGURATION (TOP VIEW) 



index (4§ 

drive select [47 

direction |48 

STEP (£9 

WR DATA (50 

GND dj 

GND H 

GND H 

GND [54 

GND H 

WR GATE [56 

TRACK 0 [57 

WR PROTECT [58 

RD DATA |59 

SIDE1 fo 



JslR1[ ^ l^n N I^[^f^f^l ^ [34 l [33][32l [3l1 



M51017AP 



30] STEP SWITCH 

H ONE SHOT 2 

H ONE SHOT 1 

27] CURRENT ADJ 

26] ERASE 

H GND 

24] GND 

H GND 

22] GND 

fTj GND 

20] CTI 

Ts\ VBB 

jU CTO 

T7) HEAD 0 

76] HEADO 



LiJliJLiJLiJLiJliJLiJLsJUJliojyyiiiJliiJlisJ 



NC NO CONNECTION 




60-pin molded plastic flat quad package 



BLOCK DIAGRAM 



DRIVE SELECT ( 



direction (48> 
sTep(J 



WR PROTECT (58h 






STEP SWITCH 


!-© 


M/M-2 




M/M-1 




CURRENT ADJ 


r- <2§) 


ERASE 


§© 


GND 




GND 


§@ 


GND 


"X 


GND 


i@ 


GND 


— @> 


CT1 


Vn*(l9) 


Vbb 




CTO 


' — v) 


HEADO 


— © 


HEAD 0 


, 1 
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FLEXIBLE DISK DRIVE (FDD) READ/WRITE AND LOGIC IC 



ABSOLUTE MAXIMUM RATINGS 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


Vcc 


Supply voltage 




7.0 


V 


V BB 


Supply voltage 




15.0 


V 


Topr 


Operating temperature range 




0 — h60 


°C 


T stg * 


Storage temperature range 




—40 — H25 


°C 


Vhd 


Voltage applied to head input pins 
(pins ®, ©, ®, (C» 


Pulse applied for 2jms 


25 


V 


v© 


Voltage applied to erase-current pin (pin ©) 


Pulse applied for 2/us 


20 


V 


1© 


Erase-current pin output current (pin ©) 


Erase mode 


100 


mA 


1® 
1© 


Center-tap pin output current 
(pin®,©) 


Write/erase mode 


110 


mA 



ELECTRICAL CHARACTERISTICS (T a ==25°c, v cc =5v, 

Vbb — 12V, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Mm 


Typ 


Max 


G v 




Voltage gain 


f=1 25kHz 


47 


49 


51 


dB 


B w 




Preamplifier high range gain attenuation 


f=5MHz 




—3 




dB 


Vo 




Differential output voltage width 


Pins ®— dJ) 




6 




Vp.p 


los 


0) 


Differential output current width 


Pins ®— (ID 




8 




mAp.p 


n 


a 
E 


Differential input resistance 


Pins ®-©/®-(3D 


20 


25 




kQ 


r 0 


« 
■o 


Differential output resistance 


Pins ®— ©> 




30 




Q 


N, 


co 

0) 


Input conversion noise voltage 


B w =10kHz~lMHz 




8 




fi Vrms 


Vqff 


DC 


Output offset voltage 


Pins (®— <fi) 


-0.6 




+0.6 


V 


CMRR 




In-phase signal suppression ratio 


V,=5mVrms,f=10kHz 




50 




dB 


SVRR 




Supply fluctuation suppression ratio 


A V BB = 1 0OmVrms, f =1 0kHz 




60 




dB 


Hd 


' O 


Differential input resistance 


Pins (D— (D 


22 


30 




„kQ 


'os 


ffer 
tiat 


Output sink current 


Pins®, (z) 




1.5 




mA 


Ps 


■- c 
Q a) 


Peak shift 




-2 




+2 


% 




(form 
'ation 
uit 


Monostable one-pulse width setting range 




500 


2000 


2400 


ns 




Monostable two-pulse width setting range 




150 


1000 


1200 


ns 






Monostable one-pulse width precision 


Rt =5. 6kQ , d =560pF, t w =2000ns 


-15 




+15 


% 






Monostable two-pulse width precision 


R 2 =5. 6kQ, C 2 =300pF,t w =1 200ns 


-20 




+20 


% 


'WR 




Write current 


R IWR =5.6kQ 




6 




mA 






Write current precision 




—10 




+10 


% 






Write current supply dependency 


V C c=5V, V BB =1 0. 8—13. 2V 




±0.1 




%N 




5 
o 


Write current temperature dependency 


T a =0~60°C 




±0. 05 




%rc 


AI W R 


o 

<D 


Write current pair quality 


'wR1 I WR2 


-1 




+1 


% 




i 


Write current setting range 








10 


mA 


Vsat 




Output saturation voltage 


Iol = 7. 5mA 






4 


V 


•oh1 




Off-state leakage current 


Head on non-selected side 






250 


juA 


'oH2 




Off-state leakage current 


Head on selected side 






100 


M A 


Vol 




Output saturation voltage 


l OL =70mA 






0.6 


V 


'oh 


ras< 
rcu 


Output leakage current 


V OH =20V 






250 


txA 


ler 


LU'O 


Erase current range 








100 


mA 


Vqh 


c 
O 


Output voltage at time of write selection 




10.2 


11.3 




V 


Vol 


II 


Output voltage at time of read selection 






2 




V 




O-D 

o 


Output current range 








110 


mA 


twi 


stable 
ibrator 


M/M— 1 output pulse width 


R 1 = 100kQ,C l =0.01 fx F, k=0. 28 




285 




juS 


t\A/2 


M/M— 2 output pulse width 


R 2 =82k Q , C 2 =0. 033 ju F, k=N=0. 27 




730 




/us 


tw3 


Mono; 
multivi 


M/M— 3 output pulse width 


R 3 =100kQ,C 3 =0. 12/uF, k=0. 29 




3.7 




ms 


*W5 


M/M— 5 output pulse width 


R 5 =1 OOkQ , C 5 =2. 2ju F, k=0. 31 




68 




ms 
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FLEXIBLE DISK DRIVE (FDD) READ/WRITE AND LOGIC IC 



ELECTRICAL CHARACTERISTICS(CONTINUED) ( T a — 25 C , Vcc — 5V, Vbb — 12V, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


Vol 




"L" output voltage 


l OL =48mA 






0.4 


V 


'oh 


0 

o 


"H" output current 


V OH =12V 






250 


A* A 


- 


i-colle 
Dutput 


Applicable pins- 


Vol 


"L" output voltage 


l 0 L=12mA 






0.4 


V 


'oh 


CP 
Q. 


"H" output current 


V OH =12V 






250 




- 


0 


Applicable pins: @ 


VqH 




"H" output voltage 


loH = 1mA 


2.7 


3.4 




V 


Vol 


*z 


"L" output voltage 


I O l = 0. 1mA 






0.4 


V 


- 


0 o 


Applicable pins: ® Totem-pole output 


v tn + 




Positive-going threshold voltage 




1.2 


1.6 


1.9 


V 


v th - 


trigge 

)Ut 


Negative-going threshold voltage 




0.5 


0.8 


1.1 


V 


Hys 


Hysteresis 




0.4 


0.8 




V 


I.H 


chmitt 


"H" input current 


V,=2. 7V 






40 


M A 


I.L 


"L" input current 


Vj=0. 4V 






-0.4 


mA 




w 


Applicable pins ©, @, (SD, ©, © 


V, H 




"H" input voltage 




2.0 






V 


V,L 




"L" input voltage 








0.8 


V 


I.H 


3 

a 


"H" input current 


V,=2.4V 






40 




I.L 


c 


"L" input current 


V,=0. 4V 






-0.4 


mA 






Applicable pins: ©,© 


V t h5 


>ply 
ction 


5V-system detection voltage 




3.4 


3.9 


4.4 


V 


Vthl2 


CO § 


12V-system detection voltage 




7.6 


8.6 


9.6 


V 


'cc 


11 


5V-system circuit current 


Read mode 




68 




mA 


'bb 


Cin 
cun 


12V-system circuit current 


Read mode 




18 




mA 
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M51660L 

SERVO MOTOR CONTROL FOR RADIO CONTROL 



DESCRIPTION 

The M51660L is a semiconductor integrated circuit for use 
in servo motor conrol in radio control applications. 
Housed in a 14-pin molded plastic zig-zag inline package 
(ZIP), the M51660L contributes to the miniaturization of the 
set. 

The built-in voltage regulating circuit, and the differential 
comparator used in the comparator circuit provide the 
M51660L with extremely stable power supply voltage fluc- 
tuation characteristics and temperature change characteris- 
tics. 

FEATURES 

• Small circuit current 3.5mA typ. (When output is off) 

• Excellent power supply and temperature stability 

• Simple setting of dead band 

• Includes protection circuit for continuous "H" level input 
APPLICATION 

Digital proprtional systems for radio control, servo motor 
control circuits. 

RECOMMENDED OPERATING CONDITIONS 

Supply voltage range 3.5~7V 

Rated supply voltage 4.8V 



PIN CONFIGURATION (TOP VIEW) 


SERVO POSITION VOLTAGE [7 






TIMING CAPACITOR {T 






TIMING RESISTOR |T 






EXTERNAL PNP TRANSISTOR DRIVE (1 ) [T 






INPUT IT 






OUTPUT (1)|][ 

gnd[7 


M516 




gnd[7 


o> 
o 




ERROR PULSE OUTPUT {£ 


r~ 




OUTPUT (2) [lO 






STRETCHER INPUT |T7 






EXTERNAL PNP TRANSISTOR DRIVE (2)[l2 






REGULATED VOLTAGE OUTPUT [l3 






SUPPLY |U 












14-pin molded plastic ZIP 



BLOCK DIAGRAM 



..SIPUT (5> 



CONTROL 
LOGIC 
CIRCUIT 



FLIP-FLOP 



l ONE-SHOT 
MULTIVIBRATOR 
I 



PULSE 
STRETCHER 





l VOLTAGE 
REGULATING 
I CIRCUIT 



SERVO 
POSITION 
VOLTAGE INPUT 



ERROR 
PULSE 
OUTPUT 



-© 

TIMING TIMING STRETCHER INPUT 
RESISTOR CAPACITOR 



, EXTERNAL PNP TRANSISTOR 

' DRIVE(1) 

) OUTPUT (1) 
■Qo) OUTPUT (2) 

^2) EXTERNAL PNP TRANSISTOR 
DRIVE (2) 



REGULATED VOLTAGE OUTPUT 
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M51660L 



SERVO MOTOR CONTROL FOR RADIO CONTROL 



ABSOLUTE MAXIMUM RATINGS (T a =25C, unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


Vcc 


Supply voltage 




7.5 


V 


•o SINK 


Output sink current 




500 


mA 


'o SOURSE 


Output source current 




200 


mA 


Pd 


Power dissipation 




550 


mW 


K e 


Thermal derating range 


T a ^25°C 


5.5 


mW/°C 


Topr 


Operating temperature 




-20 — f-75 


°C 


Tstg 


Storage temperature range 




-40 hi 25 


°C 



ELECTRICAL CHARACTERISTICS ( 

Tg— 25 C, Vcc~~ 4. 8V unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


Ice 


Circuit current 


When output is off 




3.5 


5 


mA 


When output is on 




20 




Vol 


Output voltage "L" 


lo sink= 100mA 




0.1 


0.2 


V 


lo siN«=400mA 




0.4 


0.7 


Voh 


Output voltage "H" 


'o source = 100mA 


3.4 


3.8 




V 


IpNP 


External PNP transistor drive current 




30 






mA 


v Reg 


Internal regulated supply voltage 




2.3 


2. 45 


2.6 


V 


'Reg 


Internal regulated supply output current 








3.0 


mA 


Tdb 


Minimum dead band width 


R DB =510n, C S =0.1^F 






1.5 


MS 



TYPICAL CHARACTERISTICS (T a =25 0 C, unless otherwise noted) 



1000 



800 



600 



go 400 
Q 



200 



THERMAL DERATING 
(MAXIMUMRATING) 











































































































































































































> 





25 50 75 100 125 
AMBIENT TEMPERATURE T a (t) 
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SERVO MOTOR CONTROL FOR RADIO CONTROL 



INTERNAL REGULATED SUPPLY OUTPUT VOLTAGE "L" 

VOLTAGE VS SUPPLY VOLTAGE VS OUTPUT SINK CURRENT 




0 2 4 6 8 1 3 5 7 10 3 5 7 100 3 5 7 1000 



SUPPLY VOLTAGE V CC (V) OUTPUT SINK CURRENT l SINK (mA) 



H 

g 

Q 
Z 
< 

CD 

Q 
< 

LU 

Q 



DEAD BAND WIDTH 
VS DEAD BAND RESISTANCE 



Stretcher capa 
C s =0. 


stance 

















0 1k 2k 

DEAD BAND RESISTANCE R DB ( CI ) 

APPLICATION EXAMPLE 

Servo motor control circuit for radio control 

2SA695 



2SA695 



■Aw- 
560k 



~@ 



m m m m noi m nr 



M51660L 

L4J L4J UJ L^J L4J I11J LigJ 



0.1^ 




2C2. 2ju 



Units 

Resistance '. CI 
Capacitance '. F 



INPUT 
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SERVO MOTOR CONTROL FOR RADIO CONTROL 



TECHNICAL APPLICATION NOTES 
PIN DESCRIPTION 

1. Servo Position Voltage Input Pin (Pin®) 

Connect the potentiometer terminal for position detection 
that follows the output axis. Compare this voltage with 
the voltage of the triangular wave of pin ® and drive the 
motor. A capacitor of approximately 0.1 ju F should be con- 
nected for noise prevention. 

2. Timing Capacitor Pin (Pin ®) 

Connect a capacitor that will generate a triangular wave 
by constant current charging. A typical value is 0.1 ju F. 
Also connect a feedback resistor from the output here. 

3. Timing Resistor (pin ®) 

Connect a resistor that will determine the value of the 
constant current of pin ©. A resistor of 18k O will yield a 
current of 1.0mA. A capacitor of approximately 0.03^ F 
should be connected in parallel with the resistor to in- 
crease stability. 

4. External PNP Transistor Drive ® (Pin ®) 
Connect to the base of the external PNP transistor. 

5. Input Pin (Pin ®) 

Operate with a positive pulse of peak value 3V or 
greater. 

6. Output® Pin (Pin®) 

Connect a feedback resistor between this pin and pin®. 

7. Ground (pins® and®) 

8. Error Pulse Output pin (Pin®) 

Connect a resistor between this pin and pin ©. The dead 
band will change according to the value of this resistor. 

9. Output® pin (Pin®) 
This is the output® pin. 

10. Stretcher Input Pin (Pin®) 

Connect the capacitor and resistor of the pulse stretch- 
er section. 

11. External PNP Transistor Drive® (Pin®) 
Connect to the base of the external PNP transistor. 

12. Regulated Voltage Output Pin (Pin®) 

This is the output of the internal regulated supply vol- 
tage. Make connections from this pin to a potentiometer 
or pulse stretcher resistor. Connect a capacitor of 
approximately 2.2/u F for stability. 

13. Supply Voltage (Pin®) 

The supply voltage exhibits uniform characteristics from 
3.5V to 7V. Connect a capacitor of approximately 10/; F. 
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DUAL ELECTRONIC VOLUME CONTROL 



DESCRIPTION 

The M51523AL is a semiconductor integrated circuit con- 
taining a dual channel electronic volume control housed in a 
miniature 14-pin molded plastic zig-zag inline (ZIP) 
package. 

Application of a DC voltage to the control pins permits the 
attenuation of the left and right channels to be changed as 
well as changes in the balance. Also included is a temper- 
ature-compensated reference voltage supply, enabling the 
M51523AL to be used as a control voltage source. 

FEATURES 

• High attenuation capacity 92dB(typ.) 

(f=1kHz, Vj=150mVrms JIS-A network) 

• Low distortion 0.015%(typ.) 

(f=1kHz, Vj=150mVrms at maximum volume) 

• Low noise 3.6^Vrms(typ.) 

(JIS-A network at minimum volume) 

• Good matching between ch1 and ch2 

• Includes a balance circuit 

• Built-in stabilized power supply circuit makes device 
immune to fluctuations in supply voltage 

• Good temperature characteristics 

APPLICATION 

Volume controls for car stereos, radio cassette recorders, 
TVs, VTRs, etc. 

RECOMMENDED OPERATING CONDITIONS 

Supply voltage range 8— 16V 

Rated supply voltage 12V 



PIN CONFIGURATION (TOP VIEW) 






]3 INPUT 2 






H OUTPUT 2 






2 NC 






ID NC 






10l BALANCE CONTROL 




_i 


U NC 




CM 


2 VOLUME CONTROL 




If) 


3 GND 






J) EXTERNAL REFERENCE 






|] FILTER 






J] INTERNAL REFERENCE 






2 OUTPUT 1 






I] INPUT 1 






J] SUPPLY 




NC : NO CONNECTION 




14-pin molded plastic ZIP 



BLOCK DIAGRAM 



INTERNAL EXTERNAL VOLUME BALANCE 

INPUT 1 REFERENCE REFERENCE CONTROL CONTROL INPUT 2 




— <3>-^d — d>— © ©— 

OUTPUT 1 SUPPLY FILTER GND OUTPUT 2 
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ABSOLUTE MAXIMUM RATINGS (T a =25°C, unless otherwise noted) 



Symbol 


' Parameter 


Conditions 


Ratings 


Unit 


Vcc 


Supply voltage 


Quiescent 


18 


V 


'cc 


Circuit current 




30 


mA 


Pd 


Power dissipation 




550 


mW 


K<? 


Thermal derating 


T a ^25°C 


5.5 


mW/°C 


Topr 


Operating temperature range 




-20-+75 


°C 


T stg 


Storage temperature range 




-40— +125 


°C 



ELECTRICAL CHARACTERISTICS (T a =25°C, V cc =12V,f=1kHz, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


'ceo 


Quiescent circuit current 


V VO L=0V, V,=0 


7 


12 


20 


mA 


ATT 


Attenuation level 


V VO L==0V,V,=150mVrms 


83 


92 




dB 


C. B 


Channel balance 


Vvol=2.8V, V,=1Vrms 


-3 


0 


3 


dB 


THD 


Total harmonic distortion 


V V ol=6. 5V, V,=1 50mVrms 




0.015 


0. 1 


% 


Ri 


Input resistance 


Vvol— 6.5V, V,=1Vrms 


50 


150 




kQ 


Vj(max) 


Maximum input voltage 


THD=1% 


1.0 


1.5 




Vrms 


No 


Output noise voltage 


Vj=0, JIS-A network 




3.6 


10 


fx Vrms 
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TEST CIRCUIT 




M51523AL 



L^J L^J L^J L^JL^J L^J L^J L^J Li^J LllJ Ll^J L^J Li^ 

«f + 4- 'hF~1 10/kIX 

2ff 22 u zr zz <50k . 



MOk 



m ftr 

47 n ^50k 



O 
Vvol 
0 to 6. 5V 



Note 1. S. G : HP 339A or equivalent 

THD : HP : 339A or equivalent 

V. V . Kikusui Model 1635 or equivalent 
Note 2. A low-noise power supply should be used. (Less than 2yuV) 



10k* 



1.6k 



470p=jl 1 
92 7^ 2Q 



S 7 



J IS- A 
FILTER 



> Where the specified JIS-A filter is not used, the following circuit can be substituted. Note that output is increased 
by a factor of 100. 



22k 



IN 

Q 100^ 



10,/ lOOplf 




0.01^0.01^ 100 

HI t ^*~T^YkT >WW ~ 
27k S 36k ^ 4:0.0027// 



I 




Adjust for an IN — OUT 
gain of 40 dB at 1 kHz. 



-OOUT 



Unit Resistance : Q 
Capacitance : F 



TEST METHODS (Ta=25°C,V C c=12V,f=1kHz, unless otherwise noted) 



Parameter 


Switch condition 


Method 


S1 


S2 


S3 


S4 


S5 


S6 


S7 


S8 


'ceo 


2 


2 


2 












Measure with ammeter 


ATT 












1 
2 






Vary V VOL from 0 to 6. 5V and calculate using 
ATT=20log(V o /V,)dB 


C. B 












1 
2 






Channel balance at V V ol = 2. 8V 


THD 












1 

2 






Atf=1kHz, Vj=150mVrms, and maximum volume, 
measure with distortion meter 


Ri 








1—2 


1—2 


1 

2 






Taking output V Q 1 at S4=1, and output V Q 2 at S 4 =2, 
calculate using R,=150/(V o 1/V o 2— 1 )kQ 


Vj(max) 












1 

2 






At f=1kHz, the input voltage required to produce a THD of \% 
at maximum volume 


No 




2 


2 






1 

2 


2 


2 


AT minimum volume level, Rg=10kQ, JIS-A filter 
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TYPICAL CHARACTERISTICS (T a =25c,v C c=i2v,f= 

THERMAL DERATING (MAXIMUM RATING) 

1000 . 1 1 1 1 1 

? 

sS 8 oo 




AMBIENT TEMPERATURE T a (°C) 



1kHz, unless otherwise noted) 

QUIESCENT CIRCUIT CURRENT 
< VS. SUPPLY VOLTAGE 
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O 

SUPPLY VOLTAGE V cc (V) 
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VS. OUTPUT VOLTAGE 



G 
I 
\- 

Z 

o 
\- 

o 

I— 

CO 

Q 

g 
z 
o 

tr 
< 
x 



< 0.01 



0.1 

7 
5 























































































































































































AT 


T= 






-3 


0c 


B 








































































































































I 






A 


TT= 
-20c 




























i 




m 


















> 


















J j 


KT 


T 




=0 
















































































s 











































































































































0.01 3 5 70.1 3 57 1 3 5 710 



OUTPUT VOLTAGE V Q (Vrms) 
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OUTPUT NOISE VOLTAGE 
VS. ATTENUATION LEVEL 
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ATTENUATION LEVEL VS. ATTENUATION LEVEL VS. BALANCE 

VOLUME CONTROL VOLTAGE ^ CONTROL VOLTAGE (chl, ch2) 

CD 




02468 10 < 0123456 

3. 25V 

VOLUME CONTROL VOLTAGE V VO l (V) BALANCE CONTROL VOLTAGE V BAL (V) 



MAXIMUM OUTPUT VOLTAGE 
ATTENUATION LEVEL VS. FREQUENCY | VS. LOAD RESISTANCE 




10 3 57100 3 571k 3 5 710k 3 57100k X 100 3 5 71k 3 5 710k 3 5 7100k 

< 

FREQUENCY f(Hz) LOAD RESISTANCE R L ( Q ) 



The attenuation characteristics and balance characteris- 
tics will change with the application of voltage to Pin ©. 
When the volume control voltage is equial to the Pin © 
voltage, there will be maximum volume. When the ba- 
lance control voltage is half of the Pin ® voltage, the 
balance will be centered. 

The attenuation level characteristics and balance 
characteristics for an applied voltage of 5V to Pin © are 
shown in the following graphs. 
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APPLICATION EXAMPLE 



INPUT 1 

Q 



22 / 



Q di 



+ 100k < 



100k< 



INPUT 2 
Q 



+ 



m m Fol M 



M51523AL 



□ m m m — □ — rnj 



12V 



O — VW-> 
100 



loo^zjr r l 

10k 



2Z10^ 2Z22 



77 



0 

OUTPUT 1 




OUTPUT 2 



Unit Resistance : Q 
Capacitance : F 
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ZERO-CROSS POINT SWITCH 



DESCRIPTION 

The M5172L is a semiconductor integrated circuit designed 
for use in zero-point ignition temperature control circuits. It 
consists of a rectifier circuit, zero-point synchronous pulse 
generator circuit, temperature adjustment circuit using a 
differential amplifier, and a pulse generator circuit that is 
used in safety circuit. 

The built-in zero-point ignition circuit and differential ampli- 
fier can operate directly from commercial power supply vol- 
tage through a resistor of 10k (at 100Vrms AC), permitting 
the M5172L to be widely applied in temperature control cir- 
cuits using thyristors. 

FEATURES 

• Can be driven directly from commercial power supply 
voltage OOOVrms AC) 

• Built-in zero-point ignition control circuit 

• Can compensate for line voltage and line freguency 
fluctuations 

• Includes a pulse generator circuit for a safety circuit 
APPLICATION 

Temperature control circuit for electric blankets, zero-point 
ignition circuit for thyristors, and all kinds of temperature 
control ciocuits. 

RECOMMENDED OPERATING CONDITIONS 

AC supply voltage range 90~110Vrms(50~60Hz) 

Rated AC supply voltage 100Vrms(50~60Hz) 

(Note that a resistor of 10k or greater (^2W) should be 
connected between pin © and the AC supply voltage. 



PIN CONFIGURATION (TOP VIEW) 


SAFETY CIRCUIT T~T 
PULSE OUTPUT LL 
ZERO-POINT IGNITION TT 
PULSE OUTPUT L£ 
SAFETY CIRCUIT fT 
BYPASS Li- 






SIGNAL INPUT [T 


Oi 




STANDARD SUPPLY [? 


^1 
N> 




CAPACITOR IT- 
CONNECTION LI 

SUPPLY [7 


r- 




GND [? 












8-pin molded plastic SIP 



BLOCK DIAGRAM 

SUPPLY 

-~ <7) 



RECTIFIER 
' CIRCUIT 



REFERENCE SIGNAL 
VOLTAGE INPUT 

— © — ©— 



ZERO-POINT 
SYNCHRONUS 
PULSE 
GENERATOR 




XL 



PRINTED 
CIRCUIT BOARD 



CAPACITOR GND 
CONNECTION 



DIFFERENIAL 
AMPLIFIER 




ZERO-POINT SYNCHRONOUS 
PULSE CONTROL CIRCUIT 



SAFETY CIRCUIT BYPASS 



-CD 



PULSE 
GENERATOR 



XL 



SAFETY CIRCUIT 
PULSE OUTPUT 



— d> 



ZERO-POINT 
IGNITION PULSE OUTPUT 
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ZERO-POINT IGNITION TEMPERATURE CONTROL CIRCUIT 



ABSOLUTE MAXIMUM RATINGS (T a =25'C, unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


Vcc 


Supply voltage (between pins® and ®) 




10 


V 


«® 


Pin (Z) sink current 




10 


mA 


Pd 


Power dissipation 




360 


mW 


K e 


Thermal derating 


Ta^25°C 


3.5 


mW/°C 


Topg 


Operating temperature range 




-20 — f-60 


°C 


Tstg 


Storage temperature range 




-20-+125 


°C 



ELECTRICAL CHARACTERISTICS (T a =2 5 ic) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


V DC 


Rectification current ( between pins (D and ®) 


C 1 =47 / uF, R 2 =10kf2 


5. 85 




6.9 


V 


Vth-t 


Differential amplifier ON level 


V E =5. 9V 


2.3 


2.7 


3.0 


V 


Vth-s 


Safety circuit ON level 


V E =5. 9V 


-2. 65 


-2.4 


-2.15 


V 


VoH(T) 


Zero-point synchronous pulse peak value 


R L1 =100n, V E =5. 9V 


0. 65 






V 


Vqh(S) 


Safety circuit output pin "H" level 


Ru2=1.8kn, V E =5. 9V 


0. 59 






V 



TEST CIRCUIT 



M5172L 




Unit 

Resistance '. Q, 
Capacitance F 
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TEST METHODS 



Symbol 


SW-1 


SW-2 


SW-3 


Measurement point 


V DC 


a 


a 


a 


A 


Vth-t 


a b 


b 


b 


C 


Vth-t 


c d 


b 


b 


B 


VoH(T) 


a 


b 


b 


C 


Vqh(S) 


d 


b 


b 


B 



TYPICAL CHARACTERISTICS 

(T a =25°C, unless otherwise noted) 

THERMAL DERATING 
(MAXIMUM RATING) 



400 
~ 300 



200 



o 



~\ 










\ 


\ 










— v- 
\ 
\ 


•x 
\ 
\ 

-V- 










\ 

\ 

\ 

\ 


V, 

A. 



40 60 80 120 160 

AMBIENT TEMPERATURE T a (°C) 



APPLICATION EXAMPLES 

(1) Electric Blanket Temperature Control Circuit 



100V 
50/60 Hz 



-<3"\_p— — 



M5172L 



til UJ ^fl L ^^T^TTLg 



"iTLTb — i 



■ Mix 



-CR; 

AM -4 



r 3 ' 



2k 

(1/2W) 



CR02 
AM-4 



Unit 

Resistance : Cl 
Capacitance '. F 



(2) Thyristor Zero-Point Ignition Circuit 



(3) BCR Zero-Point Ignition Circuit 



M5172L 



100V 
50/60HZ 



UUJLilbJUJbJ 



Ri 



/r 3 



JECR2AM-4 



R 2 : NTC thermistor 10k Unit 

S n : OFF Only when thermistor used Resistance : fi 

Si : ON Linear compensation of thermistor Capacitance : F 
Ri': 10kn 



M5172L 



OioovLJbJbJLdLybJ LJ UJ 

50/60Hz 



Ci 



t VRi 
VR 2 



»*C 2 



R 1 :i0kn(2w) R 2 :iknd/4w) R 3 : 10knd/4w) 
r 4 : ikad/4w) r 5 : ioond/2w) d': o.068^f(50wv) 

C 2 : 220/iF(25WV) C 3 : 0. 1//F(400WV) Qi : 2SC712-D 
Q 2 : 2SA696-D BCR : BCR3AM~ BCR25A 
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SEQUENCE CONTROLLER 



DESCRIPTION 

The M51743P is a semiconductor integrated circuit de- 
signed for use as sequence controller for oil combustion 
systems. It consists of five comparators and two voltage 
regulation circuits. 

Three of the comparators can be used for sensor signal 
monitoring and two can be used for driving relays, etc. 
Since one of the comparators for drive applications has a 
redundant "2" structure, the M51743P is especially suitable 
for use in oil combustion system, for which sefety operation 
is required. 

FEATURES 

• Includes five comparators (three for signal monitoring 
and two for drive purposes) 

• Includes two voltage regulation circuits 
5.5V (typ), 6.2V (typ) 

• Can directly drive relays, lamps, etc, 

•> Built-in memory function ( comparator ( 2) ) 

• Built-in hysteresis function (comparators (1), (4), (5)) 

• Redundancy "2" safety circuit design (comparator (5)) 

• Built-in reference power supply reduces the number of 
external parts 

• Wide supply voltage range 8.5~20V 

APPLICATION 

Sequence controller (in oil and gas combustion systems), 
flame detection circuits. 



PIN CONFIGURATION (TOP VIEW) 



COMPARATOR (1) |T 
INPUT LL 
REGURATED VOLTAGE (2) fT 
OUTPUT IL 
COMPARATOR (2) rr 
INPUT Li- 

COMPARATOR (2) f7 
OUTPUTLl 

COMPARATOR (3) rr 
INPUT LI 

COMPARATOR (4) IT- 
INPUTliL 

gnd[7 



U\ SUPPLY 

75] DRIVE-OUTPUT 

7^1 DRIVE CIRCUIT(1) 
— -J OUTPUT 



CO 
TJ 



COMPARATOR (3) 
OUTPUT 
"771 DRIVE CIRCUITS) 
—J OUTPUT 



13 



I] 



OUTPUT 
REGULATED VOLTAGE (1) 
OUTPUT 



-Tl COMPARATOR (5) 
—J INPUT 




14-pin molded plastic DIP 



RECOMMENDED OPERATING CONDITIONS 

Supply voltage range 8.5~20V 

Rated supply voltage 12V 



BLOCK DIAGRAM 



SUPPLY 

-an 



DRIVE CIRCUITS) 
OUTPUT 




REGULATED 1 VOLTAGE 
VOLTAGE (2) (2>j- REGULATION 
OUTPUT V CIRCUITS) 



COMPARATOR (1) 
INPUT v 



OUTPUT INPUT 



DRIVE OUTPUT 



pins®, <@>, ©,($>: 

OPEN-COLLECTOR 
OUTPUT 

PIN ® : 

EMITTER-FOLLOWER 
OUTPUT 
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ABSOLUTE MAXIMUM RATINGS (T a =25°C, unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


Vcc 


Supply voltage 




20 


V 


Ice 


Circuit current 




22 


mA 


•lcd 


Pin (3) maximum current 


"'Instantaneous peak value 


70 


mA 


•u® 


Pin © maximum current 




60 


mA 


•i_© 


Pin © maximum current 




60 


mA 


Pd 


Power dissipation 




• 900 


mW 


K fl 


Thermal derating 


T a ^25°C 


9 


mW/°C 


Topr 


Operating temperature range 




-20—+65 


°C 


Tstg 


Storage temperature range 




-40—+125 


°C 



ELECTRICAL CHARACTERISTICS CT a =25t;, v oc =i5v) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Mm 


Typ 


Max 


V 0 (i) 


Voltage regulation circuit (1) output 


Pin®, pin ©ON state 


5.0 


5.5 


6.3 


V 


V 0 (2) 


Voltage regulation circuit (2) output 




5.0 


6.1 


6.9 


V 


lcc( I ) 


Circuit current ( I ) 


V©=1.2V, V®=3V 


6 


14 


20 


mA 


•cc(m 


Circuit current ( II ) 


V©=4. 5V 


2 


10 


17 


mA 


Von (i) 


Comparator (1 ) ON voltage 




3.8 


4.4 


5.3 


V 


Vc-FF (1) 


Comparator (1 ) OFF voltage ' 




3.0 


3.5 


4.6 


V 


•lN (1) 


Comparator (1) input current 


V(D=5.1V 




0. 15 


0.6 


/M 


Von (2) 


Comparator (2) ON voltage 




1.5 


2.0 


2.8 


V 


v® 


Pin (Del mp voltage 


R®=500kn 


4.9 


5. 75 


6.3 


V 


V S at <s> 


Pin (§) output saturation voltage 


R L ®=800n 


0.9 


1.12 


1.5 


V 


Von O) 


Comparator (3) ON voltage 




2.5 


3.3 


4.1 


V 


•lN (3) 


Comparator (3) input current 


V®=4V 




0. 15 


0.5 


MA 


V S at <S> 


Pin © output saturation voltage 


R L ©=1kn, V©=4.1V 


1.3 


1.83 


3.0 


V 


V RE FI(4) 


Comparator (4) reference voltage ( I ) 




3.3 


3. 84 


4.5 


V 


VreFII(4) 


Comparator (4) reference voltage ( II ) 




2.9 


3. 55 


3.9 


V 


llA (4) 


Comparator (4) input current 


V©=2. 5V 




50 


250 


nA 


Von (5) 


Comparator (5) ON voltage 




2.0 


2.3 


2.7 


V 


Voff (5) 


Comparator (5) OFF voltage 




1.6 


2.0 


2.3 


V 


•lN (5) 


Comparator (5) input current 


V®=2. 5V 




0.1 


0. 35 


//A 


v sat <® d ) 


Pin © output saturation voltage (1 ) 


R L ©=350a, V CC =10V 




0.3 


0.9 


V 


v sat © (D 


Pin © output spturation voltage (1 ) 


R L ®=350n, V CC =10V 




0.3 


0.9 


V 


VqH © 


Pin © output voltage 




7.5 






V 
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TEST METHODS 



Symbol 


Pin No. 


Measure- 
ment 
point 


1 


2 


3 


4 


5 


6 


7 


8 


9 


10 


11 


12 


13 


14 


15 


16 


17 


18 


V 0 (i) 


(2)* 1 


<D 


Gr> 


JD 




01 s 


JD 


1.2V 


Gh 


JD 


GND 


®* 2 








© 


15V 


15 


V 








d> 


Vq (2) 


5.2 


© 












1.2V 


















15V 








<S> 




(2) 


Ice (1 ) 
















1.2V 






3V 










(8) 


© 
15V 












<B> 


'cc( n ) 
















4.5V 
















0) 


© 
15V 












(B) 


Von (i) 


1.3V 
3. 8V 














1. 


2V 








(0) 








d 




1E 


>V 








<£ 


$> 




(D 


Voff (1 ) 


4. 6V 
3. OV 
























(0 




























(D 


'in (1) 


© 
5. IV 






4D 














































CD 


Von (2) 


d 


) 


a 


) 










1. 


2V 








(0 




























<D 


V© 










© 














GND 






























(D 


Vsat ® 












(0) 


Gr 


sID 


1. 


2V 






GND 






























<D 


Von O) 












sID 




4. 1V 
2. 5V 












(0 




























<D 


'iN (3) 
















© 
4V 








































0) 


Vsat © 
















4V 


1. 


2V 




































<fl) 


VreF I (4) 
















Gr 


sID 


4.1V 
3. 3V 










(0 


























© 


VreFII(4) 




















3. 9V 
2. 9V 










(0 










1i 


5V 
















Vsat © d ) 




















4.5V 






2. 6V 








(0) 


d 


D 


10V 
















V 0 H © 


























2. 6V 












M 


5V 














© 


'iN (4) 




















(0) 
2. 5V 


















D 




















Von (5) 




















4. 


5V 






2. 7V 
2. OV 








© 






















(B> 


VoFF (5) 




























2. 3V 
1.6V 








© 






















(3D 


l|N (5) 




























2. 5V 














IE 


V 














(D 


v sat © (i) 


C 


D 


c 


) 


Gl 


SID 




G 


SID 


4. 


5V 


G 


MD 


2.6V 




(0 






d 


D 


10V 


M 


sv 




d 


3) 




© 



* 1 : O indicates pin number 

* 2 I © indicates measurement pin 
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M51743P OPERATION TIME CHART 



Input application conditions 

V cc pin <fi) 



Comparator (1 ) input 
pin© 



Comparator (2) input 

pin(D 



Output waveform 



Comparator (3) input 
pin® 



Comparator (5) input 
pin® 



Regulated voltage (1) 
Output pin (D 



Drive output pin 



Driver output pin 

PinO) inverted output 

pin© 



Comparator (2) output 
pin© 



Comparator (3) output 
pin© 




3Vmax 



* 1 : is the timer output determined by the external connection of pin (j 

Operation comparators (4), (5) 



M51743P INPUT/OUTPUT TRUTH TABLE 
Operation comparators (1), (2), (3) 





Pin No. 


State 


Input 


Pin© 




1 


1 


1 


Pin® 


0 


0 


1 


0 


Pin® 


0 


0 


0 


1 


Output 


Pin® 


0 


1 


0 


0 


Pin© 


1* 2 


o* 4 


1 


1 


Pin© 


O* 2 


0 *4 


0 


0 


Pin® 


1* 3 


0 *4 


1 


1 


Pin® 


1* 2 


1 


0 


1 


Pin® 


I* 2 


1 


1 


0 





Pin No 


State 




Pin® 


1 


1 


1 


1 


0 


0 


0 


0 


Input 


Pin® 


0 


1 


0 


1 


0 


1 








Pin® 


0 


0 


1 


1 






0 


1 




Pin© 


0 


1 


0 


0 


1 


1 


1 


1 


Output 


Pin® 


0 


1 


0 


0 


0 


0 


0 


0 




Pin© 


0 


1 


0 


0 


1 


1 


1 


1 



* 1 

* 2 

* 3 

* 4 



"1" and "0" indicate the "H" and "L" voltage levels of the pins 

Pins ©, ©, (D, © are ON at "0" and OFF at "1" (open-collector output) 

Pin® is ON at "1" and OFF at "0" (emitter-follower output) 

Will be 0 or 1 depending on the condition of comparators (4) and (5) 
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TYPICAL CHARACTERISTICS (T a =25°C, V CC =9V, unless otherwise noted) 



1.0 
0.9 
0.8 

0.6 

0.4 

0.2 



THERMAL DERATING 
(MAXIMUM RATING) 











































\ 

\ 


















uj b: 

51 
SI 

o o 
> £ 
o 



VOLTAGE REGULATION CIRCUIT (2) 
VS. AMBIENT TEMPERATURE 



6.3 



6.2 



25 50 65 75 100 125 



6.0 



5.9 



-40 



-20 



20 



40 



60 



AMBIENT TEMPERATURE T a (°C) 



AMBIENT TEMPERATURE N T a (°C) 



VOLTAGE REGULATION CIRCUIT (1) 
AMBIENT TEMPERATURE 




-40 -20 0 20 40 60 
AMBIENT TEMPERATURE T a (°C) 



0 
< 

O 
> 



z 

o > 



< 

CL 

O 
O 



COMPARATOR ON/OFF VOLTAGE 
VS. AMBIENT TEMPERATURE 



4.4 



4.2 



-4.0 



3.8 



3.6 



-40 

















Ol 


si VOL1 


AGE 




























































VOLT/ 










OFF 


\GE 















-20 



20 



40 



60 



80 



AMBIENT TEMPERATURE T a (°C) 



cc 
O 

< 

Q. 

o 
o 



COMPARATOR (2) ON VOLTAGE 
VS. AMBIENT TEMPERATURE 



4.6 



4.4 



4.2 



4.0 

-40 



COMPARATOR (4) REFFERENCE VOLTAGE 
I , I VS. AMBIENT TEMPERATURE 



CD 
< 



UJ o 
O s 
Z " 



3.8 



£ 3.7 



-20 



40 



60 



2 
O 

o 



s 3.6 



E~" 3.5 



3.4 



















V RE 


-1(4) 














































- v RE 


FH(4) * 































-40 -20 0 20 40 60 



AMBIENt TEMPERATURE T a (°C) 



AMBIENT TEMPERATURE T a (°C) 
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COMPARATOR (5) ON/OFF VOLTAGE 
VS. AMBIENT TEMPERATURE 



REGULATED OUTPUT VOLTAGE 
VS. LOAD CURRENT 



o 

fc> 2.4 
O 

IJ 

£s 2.2 

DC * 



< 

< 
Q. 

O 

o 



2.0 

















































E 








ON V 


OLTAO 
































OFF\ 


r OLTA( 















O 5 
< 

O 



1.8 

-40 -20 0 20 40 60 80 
AMBIENT TEMPERATURE T a (°C) 



O 2 



0 1 2 3 4 5 6 
LOAD CURRENT l L (mA) 



APPLICATION EXAMPLE 

Example of using comparator (4) as timer operation 



RELAY SUPPLY 
O- 




W 777 



2H00yt/ 



fi fi r n m m m 




M51743P 

Ul UJ UJ U 



10k 

150k 10k 



2EU 



:o. 47 



77 



0. 033/i 

irr frr 

: : 360k 



% 1.5M 



51 DK SENSOR SIGNAL 
-AAA, 03 

(FLAME INPUT) 



777" 



0. 47 

10k 



: 1k 



D 4 

:d 5 



2 r 47^ I 



777" 



6 6 
SENSOR SENSOR 
SIGNAL 1 SIGNAL 2 



D\ D 2 : SRIFM-2 
1 k D 3 , D 4 , D 5 : IS953 



Unit 

Resistance : f) 
Capacitance : F 



A MITSUBISHI 
ELECTRIC 



10-43 



MITSUBISHI LINEAR ICs 

M5174P 



FLAME DETECTOR 



DESCRIPTION 

The M5174P is a semiconductor integrated circuit designed 
for use in a flame detection circuit. 

It consists of a voltage regulation circuit, an input amplifier 
circuit that amplifies extremely small input currents and 
drives a thyristor, and a bias circuit that supplies current to 
a shunt circuit connected in parallel with the load (relay) 
and the externally-connected capacitor used as a gate trig- 
ger for the thyristor circuit. The thyristor circuit drives the 
external load (relay) and there are two shunt circuits that 
protect the load (relay) under abnormalities or at quiesc- 
ence, in addition to an overcurrent protection circuit. 

FEATURES 

• Includes a fail-safe system (redundancy 2) that permits 
simple construction of a system featuring a high level of 
safety 

• Includes a voltage regulation circuit and an over-current 
protection circuit 

• Small threshold value of temperature fluctuation of the 
operating input current 

Characteristic value of the normal temperature 20% 

(T a =-20 — r-60°C) 

• High maximum input current 50ju A (max) 

APPLICATION 

Flame detection circuits (in oil and gas combustion 
systems), relay drivers. 

DESCRIPTION OF FALL-SAFE SYSTEM 

1. This system uses two differential amplifiers and drives 
AND and OR circuits by two input signals. Noise on the 
input can lead to abnormal operation and surges, which 
can cause circuit destruction. This system can prevent 



PIN CONFIGURATION (TOP VIEW) 



THYRISTOR n- 
CIRCUIT INPUT LL 

CAPACITOR CONNECTION [T 

PROTECTION RESISTOR fT 
CONNECTION LI 

TIME CONSTANT SETTING [T 

AND CIRCUIT OUTPUT [T 

DIFFERENTIAL AMPLIFIER FT 
(2) OUTPUT UL 

gnd[7 




SUPPLY 

VOLTAGE REGULATION 
CONTROL TRANSISTOR 
CONNECTION 
VOLTAGE REGULATION 
CIRCUIT OUTPUT 
LOAD CONNECTION 

LOAD CONNECTION 



DIFFERENTIAL AMPLIFIER 
(1)(2) INPUT 



NC : NO CONNECTION 




14-Pin molded plastic DIP 

abnormal operation due to such events. 

2. Even if the thyristor and AND circuits should be des- 
troyed by a surge or some other cause, the shunt circuit 
will operate so that load (relay) dose not conduct. 

3. The over-current protection circuit prevents the load 
(relay) form conducting even at times of abnormally 
high current flow. 

RECOMMENDED OPERATING CONDITIONS 

Supply voltage range 12— 20V 

Rated supply voltage 15V 



BLOCK DIAGRAM 

VOLTAGE REGULATION VOLTAGE 
CONTROL TRANSISTOR REGULATION 

CONNECTION CIRCUIT OUTPUT 

"""ty-ty (55) 



LOAD CONNECTION 

© 



-wv- 



VOLTAGE I OVER-CURRENT 
REGULATION PROTECTION 
1 CIRCUIT I I CIRCUIT I 



BIAS 
CIRCUIT 



1 



LOAD CONNECTION 

<g> 



DIFFERENTIAL AMPLIFIER 
(1 )(2) INPUT 



SHUNT 
CIRCUIT 

(1) 



PRINTED 
CIRCUIT BOARD 



GND 



<t>_- 




SWITCHING 
CIRCUIT 



SHUNT 
CIRCUIT 

(2) 



T 



THYRISTOR 
CIRCUIT 



Vref( REFERENCE VOLTAGE) 
|.|l 



OR 
CIRCUIT 



DIFFERENTIAL 
^AMPLIFIER 
CIRCUIT 

J1 




differential 
•"-"Amplifier 
^circuit 

~ (2) 



THYRISTOR 
CIRCUIT INPUT 




CAPACITOR 
CONNECTION 



PROTECTION TIME 

RESISTOR CONSTANT 
CONNECTION SETTING 



AND 

CIRCUIT 

OUTPUT 



DIFFERENTIAL AMPLIFIER 
(2) OUTPUT 
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ABSOLUTE MAXIMUM RATINGS (T a =25 0 C, unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


V C c 


Supply voltage 


Stand-by 


20 


V 


•cc 


Circuit current 




40 


mA 


l|N 


Input current 




50 


U A 


Pd 


Power dissipation 




650 


mW 


K e 


Thermal derating 


T a ^25°C 


6.5 


mW/°C 


Topg 


Operating temperature 




-20 h60 


°C 


Tstg 


Storage temperature range 




-40 — H25 


°C 



ELECTRICAL CHARACTERISTICS (T a =2sc) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


Vcci 


Supply voltage 


Stand-by 


12 


15 


20 


V 


VcC2 


Operating Occ^ 36mA) 


12 


15 


17 


V 


'cci 


Quiescent circuit current 


V CC =15V 


7 


10 


14 


mA 


•cC2 


Operating circuit current 


l L =20mA, V CC =17V 




30 


36 


mA 


II 


Load current 


R L =300fl, V CC =17V 


15 






mA 


V01 


Voltage regulation circuit output voltage 


Quiescent, V C c=12V 


9.5 


10.3 


11.5 


V 


V 0 2 


Operating, Vcc=12V 


9.2 


10 


11.5 


V 


I.N 


Input ON current 


R L =300a, V CC =17V, R s =4.7lvin 


0. 48 


0. 60 


0. 72 


juA 


'iN(max) 


Maximum input current 


V CC =17V 


50 






juA 


'lsi 


AND circuit short-circuit load current 


Quiescent, V C c = 15V 






5 


mA 


l|_S2 


AND Circuit, thynstor circuit short-circuit load current 


Quiescent, V C c = 15\/ 






8 


mA 



TEST CIRCUIT 




Unit 

Resistance • CI 
Capacitance F 
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TEST CONDITION 



Symbol 


Si 


Si 


Measurement point 


'cci 


2 


1 


Note 3 : Ai 


'CC2 


2 


2 


A, 


L 


2 


2 


Note 2 : A 2 


V01 


2 


1 


Pin 02) 


V 02 


2 


2 


Pin (12) 


'iN 


2 


2 


A 2 


'iN(max) 


2 


2 


A 2 


Note 3 ' l LS1 


2 


1 


A 2 


Note 4 : l LS2 


2 


1 


A 2 



Note 1 . At : Current inflowing from supply V cc 

Note 2 . A 2 Current inflowing from pin (11) to pin (10) 

Note 3 . Short circuit condition between pins (5) and (7) 

Note 4 . Short circuit condition between pins (5) and (7), (10) and (5) 



TYPICAL CHARACTERISTICS 

(T a =25°C, unless otherwise noted) 

THERMAL DERATING 
(MAXIMUM RATING) 



1000 



E 800 



o 



600| 



CO 

w 400 



200 



25 



50 



75 



100 



125 



AMBIENT TEMPERATURE T a (°C) 



APPLICATION EXAMPLES 

(1) Flame Detection Circuit Using Flame Current 




Units 
Resistance : O, 
Capacitance : F 
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(2) Flame Detection Circuit Using a Photo Transistor 

Tr1 



Ci 
100** 



Rl 

SRIFM-2 



NC 



-AW- 
Re 



m m m m m m m 



M5174P 



u 12J m u isj Ly u 




Ik ZD, 



MZ304-306 



R 8 
Hl 



AG 



Units L_ 
Resistance '. Cl 
Capacitance F 



C 5 

► IGNITION 
^TRANSFORMER 
SCR1 
SR2AM-4 V, 



R9$ -T-C( 



°4 4= iiD, 

0.022/7 



2 



Photo T r 



1 2SC711 

Tr2 



SRIFM-2 

— M — 



c 4 

0. 022* 



D 5 
SRIFM-4 

IGNITION CIRCUIT 



ZNR 



MAXIMUM VOLTAGE RATING FOR EACH PIN 

Voltage is in reference to ground (pin (7)) 



Pin 


Voltage rating 


Pin condition 


Negative 


Positive 


CD 


(D 


© 


® 


© 


© 




® 


© 


© 


(0) 


© 


© 






-80V 


50V 






























<z> 


-20V 


60V 


"D 
O 




























<3> 


-20V 


30V 


O 
0 




























® 


-40V 


70V 


C 

B 


in (3 












c 




Q 
Z 




c 


Q 
Z 




© 


-15V 


40V 


0 

LL. 


Q. 
c 


c 
*a 




c 






a. 
c 




O 
e 


C 


Q. 

c 


(!) 
c 




© 


-15V 


10V 


5t 
O 
O 


betwee 


c 
0 




Q. 
C 






betwee 




betwee 


a 
c 


betwee 


betwee 






Ground 


Q 


0 
£ 




0 
0 








betwe< 




® 


-80V 


70V 


z 
0 


~o 
0 


0 
.0 




0 
jQ 






■0 
0 




-0 
0 


■Q 
0 


xs 
0 




(D 


NC 


i tween 


0 

0 
c 


n 
0 
0 




■a 
0 






0 
c 




0 
0 

c 


-0 
0 


0 
C 


0 
0 
c 




® 


-20V 


20V 


§ 

0 


0 
c 




0 
0 






c 
0 




c 

0 
0 


0 
0 
c 


C 

O 


0 
0 






-20V 


20V 


.Q 


LL 

=t 


c 

0 
0 




c 
c 
0 






u. 




UL 

3. 


§ 

0 


O 

u. 


LL 

=L 




© 


-10V 


20V 


a 
00 


CM 
CM 
O 


a 


c 
0 
a 


0 

a 


c 

0 


Q 
Z 


CM 
CM 
O 


O 


CN 
CM 
O 


C5 
0 


CM 
CM 
O 


O 
O 


c 
0 
a 


© 


-20V 


30V 




O 


00 


O 


0 

CO 


a 
O 


O 


O 


z 


O' 


0 

CO 


O 


O 


O 


(8) 


-20V 


50V 































TIME SEQUENCE OUTLINE 
DIAGRAM 



SUPPLY (PIN04)) 



REGULATED VOLTAGE 
OUTPUT ( P I N(1 2) ) 

IGNITION CIRCUIT 



INPUT (PIN(8)) 



LOAD (RELAY) (R L ) 
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LOW POWER SUPPLY VOLTAGE INDICATOR, WARNING DRIVER 



DESCRIPTION 

The M51920P is a semiconductor integrated circuit de- 
signed for use as a driver in all types of indicators and warn- 
ing circuits. It is especially suited for low-voltage operation 
and one battery can be used to directly drive a buzzer, bell, 
or lamp. There is also a built-in voltage raising circuit, the 
use of which permits LED driving. A timer circuit made up of 
a four-stage divider has also been included, making the 
M51920P suitable for a wide range of applications. 

FEATURES 

• Low-voltage operation is possible 1 .1 — 1.8V 

• Small standby current drain 5/M(typ.) 

• Can directly drive a buzzer, bell, lamp, etc. 

300mA(typ.) 

• LED blinking indication is possible with an external clock 

• Built-in 4-stage divider with reset pin, in addition to a 
buffer circuit 

APPLICATION 

All types of detectors, indicators, and warning circuits. 

RECOMMENDED OPERATING CONDITIONS 

Supply voltage range 1.1 — 1.8V 

Rated supply voltage 1 .5V 



PIN CONFIGURATION (TOP VIEW) 



tan |T 

AO OUTPUT (T 

GND Li 
L3 OUTPUT [T 
SUPPLY 3 [IT 
CP INPUT [1[ 
M1 INPUT \f 
M2 INPUT |T 




Hah A* 

H] AI2 INPUT 

]4| CAPACITOR C 
13] L2 INPUT 
12] L1 INPUT 
V\} SUPPLY 2 
]0| M2 INPUT 

I] MT INPUT 




16-pin molded plastic DIP 



EQUIVALENT CIRCUIT DIAGRAM 
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ABSOLUTE MAXIMUM RATINGS (T a =25°C, unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


Vcci 


Supply voltage 




-0.2-2.0 


V 


V C C2 


Supply voltage 




-0. 2-2. 0 


V 


V C C3 


Supply voltage 




—0.2—2.0 


V 


Uo 


Pin d) drive current 


Output is saturated 


300 


mA 


l L 3 


Pin (3) drive current 


Output is saturated 


70 


mA 


Pd 


Power dissipation 




600 


mW 


T opr 


Operating temperature range 




-15 — h65 


°C 


T stg 


Storage temperature range 




-40 — H25 


°C 



ELECTRICAL CHARACTERISTICS (T a =25°C, V CC =1.5V, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 




Typ 


Max 


v cc 


Supply voltage 




1 . 1 




1 . 8 


V 




Standby current drain 


V cc i = 1.5V, other pins open 






5 






Vcci , Vcc2 = 1 ■ 5V, other pins open 






10 


x/A 




\Z CC 3=1 # 5V, other pins open, L3 is "H" 




420 


630 




lopn 


Operating current drain 


Vcci = 1.5V, l®=350//A, other pins open 




10 


20 


mA 


•opr2 


V C ci=1-5V, AI2=GND, other pins open 




10 


20 


mA 


'opr3 


V CC 2=1.5V, M1,M2=GND, other pins open 




2 


4 


mA 


•opr4 


V CC 3=1.5V, MT,M2=GND, other pins open 




5 


10 


mA 


I|H1 


All input pin current 


Vcci=1-2V, AI1=1.2V 




450 


700 


M* 


•iLl 


All input leakage current 


V CC 1=1.2V, AI1=GND 


-1 






juA 


l|H2 


AI2 input leakage current 


V C ci=1-2V, AI1=1.2V 






1 


juA 


•ll_2 


AI2 input pin current 


V CC 1=1.2V, AI2=GND 


-4 


-2 




mA 


•|HM1 


M1 input pin current 


Vcci,V C c2=1.2V,M1=1.2V 




50 


75 


f,A 


•|LM1 


M1 input leakage current 


Vcci , V cc2 = 1 . 2 V, M1 = G N D 


— 1 






M A 


'lHM2 


M2 input pin current 


Vcci, V CC 2=1 • 2V, M2=1 . 2V 




50 


75 


pA 


•lLM2 


M2 input leakage current 


Vcci, V CC 2=1.2V, M2=GND 


-1 






juA 


'iHMl 


Ml input leakage current 


Vcci , V CC 2= 1 . 2V, M 1 = 1 . 2V 






1 


juA 


'lLM1 


mT input pin current 


Vcci, V CC 2=1 - 2V, MT=GND 


-75 


-50 




juA 


•lHM2 


M2 input leakage current 


Vcci , V CC 2=1 • 2V, MT=1. 2V 






1 


/"A 


l|LM2 


M2 input pin current 


Vcci , V CC 2=1 . 2V, M2=GND 


-75 


-50 




M* 


VsATl 


AO output saturation voltage 


V CC 1=1-2V, R L =6Q 




0.2 


0.3 


V 


Vsati- 


AO output saturation voltage 


V C ci=1.2V,R L =13Q 




0. 1 


0.2 


V 


VsAT2 


L3 output saturation voltage 


Vcc3=1.2V,R L =25Q 




0.3 


0.5 


V 


'oH1 


L1 output pin current 


V C c2=1.2V, L1=GND 


-7.8 


-6.0 


-4.2 


mA 


loH2 


C output pin current 


V CC 2=1.2V,C=GND 


-350 


—270 


-190 


t*A 


•oL3 


L2 output pin current 


L2=1.2V 


190 


270 


350 


M A 


I LAO 


AO output leakage current 


Vcci = 1.5V, AI1 =GND 






1 


M A 
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MITSUBISHI LINEAR ICs 

M51920P 



LOW POWER SUPPLY VOLTAGE INDICATOR, WARNING DRIVER 



TYPICAL CHARACTERISTICS (T a =25°C, unless otherwise noted) 
THERMAL DERATING (MAXIMUM RATING) 

1000r 



G 
DC 
LJJ 

o 

0- 



800 



600 



400 



200 























































s 

\ 

- V 



0 25 50 65 75 100 125 
AMBIENT TEMPERATURE T a (°C) 



STANDBY CURRENT DRAIN 
VS. SUPPLY VOLTAGE 




0.5 1.0 1.5 2.0 

SUPPLY VOLTAGE V CC 3 (V) 
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MITSUBISHI LINEAR ICs 

M51920P 



LOW POWER SUPPLY VOLTAGE INDICATOR, WARNING DRIVER 




APPLICATION EXAMPLE 

i -t T T T ° v cc 




The power supply system is classified as follows: V C ci 
for buzzer or bell, V C c2 for LED drive, and V C c3 for timer 
drive. 

FUNCTIONAL DESCRIPTION 

A clock signal applied to pin ® will drive the Pin ® 
buzzer. 

A low-level state of pin © will drive the Pin ® bell. 
Applying a clock signal to pins © and ®, or ® and ® 
will cause the LED to blink on and off. 



T2 

PIN© 

1 -*i 



RECOMMENDED 
VALUES 



T1 100msec~10sec 



1 T1/2 



a 



T2 T1/5 



ir 



ir 



THE LED WILL 

"[J BLINK WITH A 



PERIOD OF T1/2 

By applying a clock signal to pins @ and ®, or (9) and 
®, pin ® will go "ON" for only a period of 8*T1 from 
V CC 3 ON; thereafter, pin (4) will be "OFF" until V CC 3 is 
put on again. 
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M519S0L 

CAR AIR CONDITIONER CONTROLLER 



DESCRIPTION 

The M51950L is a semiconductor integrated circuit de- 
signed for use in automobile air conditioner controls. 

This device receives a pulse signal (ignition pulse) of a 
frequency proportional to that of the number of revolutions of 
the engine, and a temperature detection signal from the 
thermistor; it generates a control signal that switches the air 
conditioner on and off. 

The M51950L uses supply voltage and a detection circuit, 
which have little dependency on temperature, permitting 
highly accurate control. 

In addition, housing the device in an SIP has made high- 
density mounting possible. 

FEATURES 

• Small number of external parts 

• (Number of revolutions) detection supply voltage 
characteristics 0.1%/V(typ.) 

• (Number of revolutions) detection temperature 
characteristics 100ppm/°C(typ.) 

• Thermistor resistance detection supply voltage 
characteristics 0.02%/V(typ.) 

APPLICATION 

Automobile air conditioners. 

RECOMMENDED OPERATING CONDITIONS 

Supply voltage range • 10~17V 

Rated supply voltage 13.2V 



PIN CONFIGURATION (TOP VIEW) 






-q1 hysteresis 

0 1 An II 1 CTU CMT 

~J] TEMPERATURE 

SENSOR 
ji] OUTPUT 




1 


5] GND 




5 


7] SUPPLY 

Tl FILTERING 
AJ CAPACITOR 
2] TIME CONSTANT 
T1 NUMBER OF 
-U BEVOLUTIONS INPUT 










8-pin molded plastic SIP 



BLOCK DIAGRAM 



I 



NUMBER OF 
REVOLUTIONS ( 1 
INPUT 




i 



HYSTERESIS > 
ADJUSTMENT y 



TIME 
CONSTANT 



FILTERING 
CAPACITOR 



<D— 



■CD- 



WAVEFORM 
RESTORATION 




MONOSTABLE 
MULTIVIBRA- 
TOR 




FILTERING 







-A 0 

COMPARATOR \ / 




COMPARATOR 



stabilized 
IpowerI 

^UPPLYI 



-<s> 



SUPPLY 



-<z)—. ©- 

OUTPUT 



■4> 



TEMPERATURE 
SENSOR 



GND 
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M51950L 



CAR AIR CONDITIONER CONTROLLER 



ABSOLUTE MAXIMUM RATINGS (T a =25°C, unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


Vcc 


Supply voltage 




18 


V 


V© 


Pin (6) voltage 


Output OFF 


27 


V 


1© 


Pin © sink current 


Output ON 


30 


mA 


Pd 


Power dissipation 




360 


mW 


K<? 


Thermal derating 


T a ^25°C 


3.6 


mW/°C 


Topr 


Operating temperature range 




-20 — h70 


°C 


T stg 


Storage temperature range 




-40 — H25 


°C 



ELECTRICAL CHARACTERISTICS 1 ( Vcc — 1 3. 2V, Tg — 25 C , unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Mm 


Typ 


Max 


'cc v 


Circuit current 






3.5 


8.0 


mA 




Revolution detector ON frequency 




330 


376 


430 


Hz 


Af 


Revolution detector ON, OFF frequency difference 




40 


65 


90 


Hz 


RthON 


Thermo circuit ON resistance value 




5.95 


6. 45 


6. 90 


kQ 


AR t h 


Thermo circuit ON, OFF resistance value difference 




200 


230 


270 


Q 


V©ON 


Pin (D ON voltage 






0. 10 


0. 50 


V 


V© 0 FF 


Pin (D OFF voltage 




12.8 


13.2 




V 


'©in 


Pin (D sink current 




-100 


0. 02 


100 


nA 


l(Din 


Pin (D sink current 




75 


130 


200 


,uA 


'©in 


Pin (Z) sink current 






50 


500 


nA 


AV CH 


Chattering prevention circuit hysteresis width 




180 


215 




mV 


ELECTRICAL CHARACTERISTICS 2 (V C c=10~17V,T a =25'C, unless otherwise noted) 


Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


V©ON 


Pin 0 ON level 






3.0 


4.0 


V 


V©OFF 


Pin © OFF level 




1.0 


2.0 




V 


foN 


Revolution detector ON frequency 




330 


376 


430 


Hz 


Af 


Revolution detector ON, OFF frequency difference 




40 


65 


90 


Hz 


RthoN 


Thermo circuit ON resistance value 




5. 80 


6.45 


7.15 


kQ 


ARth 


Thermo circuit ON, OFF resistance value difference 




190 


230 


280 


Q 


ELECTRICAL CHARACTERISTICS 3 (V C c=13.2V,T a =10~60°C, unless otherwise noted) 


Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Mm 


Typ 


Max 


V<Don 


Pin © ON level 






3.0 


4.5 


V 


V(DOFF 


Pin © OFF level 




0.8 


2.0 




V 


^ON 


Revolution detector ON frequency 




320 


377.5 


440 


Hz 


Af 


Revolution detector ON, OFF frequency difference 




35 


65 


95 


Hz 


RthoN 


Thermo circuit ON resistance value 




5.80 


6. 45 


7. 15 


kQ 


ARth 


Thermo circuit ON, OFF resistance value difference 




185 


230 


280 


Q 
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MITSUBISHI LINEAR ICs 

M51950L 



CAR AIR CONDITIONER CONTROLLER 



TEST CIRCUIT 



100k < 




:0. 47 l 



6b SW3 © / S W2 



O 

^SW6 



<=<? . << 

Signal (Jl) (T) M ±-@) 
aenerator I T ^ T-I-rv/ 



777 777 



+5V 
777 777 777 



pulse signal generator 
is shown in the diagram 
at right 



JUL 



-4.5—10V 



— 0—0.8V 



77" 



2 2 



430 



M51950L 



'9 1 VW-» 

i6 2k 




<!> 



The waveform of the DUTY CYCLE IS LESS THAN 20% -r < 6. 8k 



1000p 




>180k 



SW7 



SW8 



Rth 



SW1 



Unit Resistance : D 
Capacitance . F 



TEST METHODS 



Symbol 


Switch conditions 


Measurement 
instrument 


Method 


SW1 


SW2 


SW3 


SW4 


SW5 


SW6 


SW7 


SW8 


SW9 


'cc 


ON 


OFF 


b 


ON 


a 


a 


ON 


c 


b 


A, 




foN 


ON 


ON 


b 


ON 


c 


b 


ON 


a 


b 


f 


While raising the pin ® input signal frequency, the value 
of f when Vi changes from "H" to "L" 


Af 


ON 


ON 


b 


ON 


c 


b 


ON 


a 


b 


f 


While lowering the pin ® input signal frequency, the dif j 
ference between the values of f and f 0 N when Vi 
changes from "L" to "H" 


RthON 


ON 


ON 


c 


ON 


a 


a 


ON 


b 


b 




While decreasing Rth, the value of Rth when Vi changes 
from "H" to "L" 


A R t h 


ON 


ON 


c 


ON 


a 


a 


ON 


b 


b 




While increasing Rth, the difference between the values 
of Rth and RthoN when Vi changes from "L" to "H" 


V(g)ON 


ON 


ON 


c 


ON 


a 


a 


ON 


a 


a 


Vt 




V(6)OFF 


ON 


ON 


c 


ON 


a 


a 


ON 


c 


a 


Vt 




tain 


ON 


ON 


c 


OFF 


b 


d 


ON 


a 


b 


A 3 




ksn n 


ON 


ON 


a 


ON 


b 


d 


ON 


a 


b 


A 2 




tain 


ON 


ON 


c 


ON 


a 


a 


OFF 


a 


b 


A 4 




V(DON 


ON 


ON 


b 


ON 


c 


c 


ON 


a 


b 


v 2 


While raising V 2 from a low voltage, the value of V 2 when 
V 3 changes from "L" to "H" 


V(1)OFF 


ON 


ON 


b 


ON 


c 


c 


ON 


a 


b 


v 2 


While lowering V 2 from a high voltage, the value of V 2 
when V3 changes from "H" to "L" 


AV CH 


ON 


ON 


d 


ON 


a 


a 


ON 


a 


b 


v 4 


The difference between the values of V4 under the fol- 
lowing two conditions 

(i) While decreasing V4, the value fo V4 when Vi changes 
from "H" to "L", and 

(11) While increasing V 4 , the value of V 4 when Vi changes 
from "L" to "H" 
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TYPICAL CHARACTERISTICS (V C c=13.2V,T a =25 0 C, unless otherwise noted) 

REVOLUTION DETECTOR ON, OFF 
FREQUENCY VS. SUPPLY VOLTAGE 



THERMAL DERATING (MAXIMUM RATING) 



500 



400 



z 

g 

< 

(0 
(J) 

Q 

DC 
UJ 

O 

Q. 



300 



200 



100 







































\ 

\ 

N 










N 


\ 

\ 

\ 

^ 



380 



u 


360 


DC u. 












Si J 


340 






hi *~ 




Q >- 






320 










30 




O DC 


300 


> u_ 





25 50 75 100 125 



280 









ON free 


uency 


































c 


DFF free 


^uency 













10 



12 



16 



AMBIENT TEMPERATURE T a (°C) 



SUPPLY VOLTAGE V c 



(V) 



REVOLUTION DETECTOR ON, OFF 
FREQUENCY VS. AMBIENT TEMPERATURE 

380 



THERMO CIRCUIT ON, OFF RESISTANCE 
VALUE VS. SUPPLY VOLTAGE 



O £ 

K J 
UJ 

O >■ 

2 2 

> LL 
UJ 

CC 



360 



340 



320 



300 



280 









ON free 


juency 


























c 


)FF free 


juency 











o 
z 
< 
I- 

C/5 
CO 
UJ 
CC 

u. £ 

U. CC 

0 £ 
0 £ 

D UJ 

° =l 

5< 
O > 

o 

CC 
UJ 



6.8 



6.7 



6.6 



6.5 

















resistance 


3 value 
























OI 
re 


M 

sistance 


value 





















20 40 60 80 



10 12 14 16 18 20 



AMBIENT TEMPERATURE T a (°C) 



SUPPLY VOLTAGE V cc (V) 
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APPLICATION EXAMPLE 



PULSE I 



IGNITION n /T\ 

NPUT u \L/~ 




CAR BATTERY 



TEMPERATURE THERMISTOR 
ADJUSTMENT 



R H < R r (STANDARD 

(HYSTERESIS SETTING T RESISTOR) 
RESISTOR) Jr 



NOTES 

1. The impedance of Pin © is over 10kQ at 5V or grea- 
ter, and over 3k Q at 6V or greater. 

Refer to the Limits section of ELECTRICAL CHARAC- 
TERISTICS for the input sensitivity. 

2. When changing the revolution detector ON frequency, 
the values of R r and C r should be changed. Note 
that the value of R r should be between 100k O and 
300k Q. 

When the revolution detector ON frequency (f 0 N) is 
changed, the revolution detector ON, OFF frequency 
difference (Af) will change so that Af/f Q N becomes 
fixed. 

3. Determine the value of C F as follows: 

177 / _\ 

4. If the circuit operates erroneously due to power supp- 



ly ripple, distribute C F between 
shown in the diagram below. 



V cc and GND as 



, 2 



+ 



2IT C 



3° F 



5. When changing the thermo circuit ON resistance 
value, change the value of the standard resistor prop- 
ortionately. 

6. There is an inversely proportional relationship be- 
tween the hysteresis setting resistance R H and the 
thermo circuit ON, OFF resistance value difference 
(A Rth). 
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M51961L 

FLASHER CONTROL (WITH DISCONTINUITY DETECTION FUNCTION) 



DESCRIPTION 

The M51961L is a semiconductor integrated circuit de- 
signed for use in flashers, especially automobile flasher sys- 
tems. 

This device has been designed so that when it is set at a 
flashing frequency of 85cpm for turn signals or hazard in- 
dication, the flashing frequency will increase to 192cpm 
when the line is broken. 

Discontinuity detection is accomplished by a discontinuity 
detection resistor which is connected between the battery 
and the lamp. 

The threshold value for discontinuity detection is 90mV 
when V C c = 12.8V and is designed to compensate for power 
supply voltage and temperature chatacteristics* affecting 
lamp current. 

FEATURES 

• Short time between the turn signal switch turn-on and 
lamp lighting 25ms(max.) 

• Discontinuity detection threshold value compensates for 
lamp characteristics 

• Small dependency of flashing frequency on power supply 
voltage and temperature 

1%(typ.) (V CC =7~17V, T a =-20~60°C) 

• Built-in stabilized power supply eliminates effect of power 
supply ripple on flashing frequency 

• Built-in Zener diode for back absorption of relay 
APPLICATION 

Automobile flashers and lamp discontinuity detection. 

RECOMMENDED OPERATING CONDITIONS 

Supply voltage range 9~16V 

Rated supply voltage 12.8V 



PIN CONFIGURATION (TOP VIEW) 






~q] power supply 






~T\ OUTPUT 




-1 


1[] GND2 




M51961 


~b] GND1 

Tl OSCILLATION TIME 
JJ CONSTANT 
"T| TRI-STATE SWITCH 
■^J OUTPUT 

T] T/S TERMINAL 
T1 DISCONTINUITY 
-LJ DETECTION INPUT 










8-pin molded plastic SIP 



BLOCK DIAGRAM 




DISCONTINUITY 
DETECTION INPUT v cc 

© ®- 



DISCONTINUITY DETECTION 



)N^ 



|"H" STATE | 
r»DETECTION»— « > 
| SWITCH 

T/S TERMINAL 

, J voltage! 

MAINTENANCE 
LCIRCUITJ 

|"L" stateI 

f-DETFCTION 
SWITCH I 



TRI-STATE 
SWITCH 



OSCILLATION 
COMPARATOR 



OUTPUT 



T/S TERMINAL 



TRI-STATE 
SWITCH OUTPUT 
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M51961L 



FLASHER CONTROL (WITH DISCONTINUITY DETECTION FUNCTION) 



ABSOLUTE MAXIMUM RATINGS 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


Vcci 


Supply voltage 1 




18 


V 


V CC 2 


Supply voltage 2 


Application limited to within 1 minute 


24.5 


V 


BV 0 


Output withstand voltage 




24.5 


V 


'o 


Output current 




150 


mA 


V© 


Applied voltage on pin (D 




V cc -36V~V C c 


V 


v© 


Applied voltage on pin © 




0~V CC 


V 


Pd 


Power dissipation 




900 


mvV 




Thermal derating 


T a ^25°C 


7.2 


mW/°C 


Topr 


Operating temperature range 




-40 — h85 


°C 


T stg 


Storage temperature^range 




-50-+125 


°C 



ELECTRICAL CHARACTERISTICS (Rr=55kQ,Cr =10^F,T a =25 o C,V C c=12.8V, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


Vcc 


Supply voltage range 




7 


12.8 


17 


V 


T s 


Lamp light-up starting time 


From turn signal switch ON to lamp ON 




5 


25 


ms 


Nt 


Flashing frequency 1 


At turn signal or hazard 


81 


85 


89 


cpm 


N 2 


Flashing frequency 2 


At discontinuity 


178 


192 


207 


cpm 


D^ 


Lamp ON duty 1 


At turn signal or hazard 


41 


45 


49 


% 


D 2 


Lamp ON duty 2 


At discontinuity 


33 


37 


41 


% 


Vcdth 


Discontinuity detection threshold value 




84 


91.3 


98.5 


mV 


•cci 


Circuit current 1 


At output OFF 




3.4 


5.3 


mA 


'CC2 


Circuit current 2 


At output ON 




8.9 


15 


mA 


v© 


Pin (D voltage 


Pin <D open 


6.0 


7.4 


9.0 


V 


V©THH 


Pin <D "H" threshold 




V C 2)+1 


9.2 


V (2 >+2.5 


V 


V©THL 


Pin (D "L" threshold 




V( 2) -2.5 


5.6 


V f2) -1 


V 


I(DIN1 


Pin (2) sink current 


When V(d=V cc 


0.6 


0. 96 


1.6 


mA 


l(DlN2 


Pin (2) outflow current 


When V@=GND 


—2.2 


— 1.36 


-0.9 


mA 


'(DIN 


Pin CD input current 


When Vcd=Vcc 




1.6 


20 


M A 


V OS 


Output saturation voltage 


R L =120Q 




180 


500 


mV 


l0L 


Output leakage current 








100 


nA 


Voz 


Output Zener voltage 




26 


30 


36 


V 
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M51961L 



FLASHER CONTROL (WITH DISCONTINUITY DETECTION FUNCTION) 



TYPICAL CHARACTERISTICS (V cc =12.8,T a =25°C, unless otherwise noted) 

DISCONTINUITY DETECTION 

THERMAL DERATING (MAXIMUM RATING) 
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THRESHOLD VALUE CHARACTERISTICS 
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SUPPLY VOLTAGE V cc (V) 



FLASHING FREQUENCY CHARACTERISTICS © 
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FLASHING FREQUENCY CHARACTERISTICS ® 
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DISCONTINUITY DETECTION 
RESISTANCE VALUE (mQ) 



DISCONTINUITY DETECTION 
RESISTANCE VALUE (mQ) 



Note 1 For the flashing frequency characteristics the discontinuity detection resistance value has been measured 

instead of the lamp resistance value. 
Note 2 • In flashing frequency characteristics (2), C r and R r are measured outside of a constant-temperature tank. 
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M51961L 



FLASHER CONTROL (WITH DISCONTINUITY DETECTION FUNCTION) 



APPLICATION EXAMPLES 



(1) Typical application circuit 

V CC 



Discontinuity 
detection resistor 



,<5> 



Reverse 



90 



M51961L 



^9 



[Pj Relay 



7 

kIh 



connection v m c kai^o 

protection diode T ~ 10 >" F ~ 56kQ 



Lamps 



(2) Adjustment of the discontinuity threshold value 

Vcc 



Discontinuity 
detection resistor 



■•<£> 



Ri// R 2 <30Q 



M51961L 



0— 



Cr Rr 
~10>F — 56kQ 



Lamps 



(3) Discontinuity warning resistor 



Discontinuity 
detection resistor 




Li,L 2 ,L 3 , 



Warning lamp 

Ri // R 2 <30Q 



The warning lamp will light when one or more of the four lamps become discontinuous. 



Unit Resistance : Q 
Capacitance : F 
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4-BIT A-D CONVERTER 



DESCRIPTION 

The M52670P.FP are semiconductor integrated circuits de- 
veloped for use as interfaces to convert and process analog 
signals into digital signals. They are 4-bit converters for 
video band signal applications. 

These devices have the following functions when used as 
parallel-comparison 4-bit A-D converters for video band 
signals: 

1. 4-bit comparators (16) 

2. Grey code converter 

3. ECL to TTL converter 

4. Latch circuit 

5. Grey to binary code 

6. Sampling clock restoration circuit 

7. Underflow output switching circuit 

FEATURES 

• Sampling rate: 11 M samples/sec (max.) 

• Output form: Open collector (TTL compatible) 

• Expansion to a 5-bit A-D converter: 

Easily accomplished by joining two units together 



• Non-linear error 



:1/2LSB 




4^ 



NC [T 
SUPPLY ps- 
VOLTAGE Li. 
NC \J 
STANDARD f= 
H" VOLTAGE |T 
RESISTOR VOL-rr 
TAGE DIVIDER (3)L2L 
RESISTOR VOj^jg" 



TAGE DIVIDER (2)l 



PIN CONFIGURATION (TOP VIEW) 



RESISTOR VOL-ry 
TAGE DIVIDER (1)L£_ 
NDARD "L" 
VOLTAGE 

ANALOG [a 
INPUT bz 
ANALOG GND QO 
NC QT 



SUPPLY nn 
VOLTAGE LL 

NC [2 

NC \J 

NC [T 

STANDARD r-- 
H" VOLTAGE L2_ 
RESISTOR VOL-f 
TAGE DIVIDER (3) L 
RESISTOR VOL-f 
TAGE DIVIDER (2) I 
RESISTOR VOL-f 
TAGE DIVIDER (1 ) I 

STANDARD rg* 
"L" VOLTAGE \zz 

NC us 

ANALOG |TT 
INPUT bz 
ANALOG AND 111 



T. P TEST PIN 





22] NC 

21] CLOCK INPUT 
20] T. P 

TqI UNDERFLOW 

■^OUTPUT 

HI BIT 1 

13 BIT 2 

TH BIT 3 

TH BIT 4 

U] DIGITAL GND 
Toi UNDERFLOW 
SWITCHING 

jUnc 



24] CLOCK INPUT 
S] NC 
22] T. P 

IDnc 

UNDERFLOW 

OUTPUT 

H BIT 1 
18] BIT 2 
]J\ BIT 3 
16] BIT 4 
31 NC 

14] DIGITAL GND 
Tol UNDERFLOW 
1^ SWITCHING 



NC • NO CONNECTION 



22-pin molded plastic DIP 24-pin molded plastic shriek 

FLAT 



BLOCK 

DIAGRAM NOTE ^ 



TEST PIN 22 (20) 



SAMPLING 
CLOCK 



4. 5—5. 5V 



□ number designates M52670FP 
numer designates M52670P 




(JMiiJ 2° OUTPUT 
2' OUTPUT 
is] 2- OUTPUT 
1 1912* OUTPUT 



/]9}{2o] UNDERFLOW 
J OUTPUT 



UNDERFLOW INPUT 
(GHD or V cc ) 



Note 1 Set so that the impedance of the drive source is less than 100Q 
Note 2 Set so that the impedance of the drive source is less than 50 Q I 
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ABSOLUTE MAXIMUM RATINGS (r a =25C) 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


Vcc. 


Supply voltage 




7.0 


V 


V, N 


Input voltage®, @(m,W 




7.0 


V 


V 0 


Output voltage©~©(IH~|2a) 




7.0 


V 


v A 


Operating supply voltage 




4. 5-5. 5 


V 


Pd 


Power dissipation 


( ) designate FP 


1000(500) 


mW 


T 0 pr > 


Operating temperature range 




-10 — h75 


°C 


T stg 


Storage temperature range 




-40 — H25 


°C 



Note: Numbers inside □ designate M52670FP and numbers inside O designate M52670P 



TYPICAL CHARACTERISTICS 

THERMAL DERATING (MAXIMUM RATING) 



1.2 
1.0 
0.8 



2£ °- 6 

w 

5 0.4 
cc 

LU 

£ 0.2 
O 



(1) 






I I 

(OM52670P 








(2 


)M526; 


7QFP 














(2) 






\ 












\ 

\ 

\ 



















0 25 50 75 100 125 150 
AMBIENT TEMPERATURE T a (°C) 



ELECTRICAL CHARACTERISTICS (T a =25c) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


'cc 


Circuit current 1 


V cc =5. 0V, Clock 11MHz 




33 


48 


mA 


fsc 


Maximum sampling frequency 


V cc =5. 0V, Duty 50% 






11 


MHz 


V| N ®ta 


®(ULl) Minimum input voltage 


V cc =5. 0V 


1.1 






V 


V|N®[S 


(DO) Maximum input voltage 








Vcc-0.7 


V 


Vin®lic| 


(D(Q!) Maximum input voltage 








Vcc-0.7 


V 


A V@[g-(DE] 


Minimum input voltage between @— LD) 








1.0 


V 


v PH 


d3)GJ,(2)£3 input "H" voltage 




2.0 






V 


V, L 


(JDB1,(S)^ Input "L" voltage 








0.8 


V 


I|N1 


<8>M,@M Input current 1 


V C c=5. 25V, V,=2. 7V 






20 


M A 


'lN2 


Input current 2 


Vcc=5. 25V, V,=0. 4V 






(*n_ 0 .4 


mA 


V, K 


®M Input clamp voltage 


V cc =4. 75V, l IN =— 18mA 






( * 2) -0.5 


V 


Von 


®M— (0)11 Output voltage 1 


When V CC === 4.75V, and output "L", l OL =6.0mA 






0.5 


V 


V OL2 


®E1— (IDII Output voltage 2 


When V cc =4. 75V, and output "L", l O L=3.0mA 






0.4 


V 


R®-®> m-iE 


Resistance between <2)~®, d]-[9] 




300 


400 


500 


Q 


R®-®» ra-is 


Resistance between ®— (7), S-LH 




300 


400 


500 


Q 


R©-©, m-m 


Resistance between ®— ®, LI]- [7] 




300 


400 


500 


Q 


R®-©» S-E] 


Resistance between ®— ®, GO-GO 




300 


400 


500 


Q 



Note 1. Current flowing to the IC is taken as "+", and current flowing out as" — ". 



2. IC ground is taken as a reference for voltage, while "— " indicates voltage values that are lower than IC ground. 

3. Numbers inside □ designate M52670FP and numbers inside O designate M52670P 
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5-BIT EXPANSION METHOD 

.1. The output form (4 bit) of ®— 

a) ®0J: at GND 



with respect to V s . 



VoVi v 2 v 3 v 4 v 5 v 6 v 7 v 8 v 9 v 10 v n v 12 v 13 v 14 v 15 





L 


L 


H 


L 


H 


L 


H 


L 


H 


L 


H 


L 


H 


L 


H 


L 


H 




L 


L 


L 


H 


H 


L 


L 


H 


H 


L 


L 


H 


H 


L 


L 


H 


H 


©m 


L 


L 


L 


L 


L 


H 


H 


H 


H 


L 


L 


L 


L 


H 


H 


H 


H 


©El 


L 


L 


L 


L 


L 


L 


L 


L 


L 


H 


H 


H 


H 


H 


H 


H 


H 




H 


H 


H 


H 


H 


H 


H 


H 


H 


H 


H 


H 


H 


H 


H 


H 


H 


b) © 


El: at V cc 


V s 


V 0 Vi V 2 V 3 V 4 V 5 V 6 V 7 V 8 V 9 VioVn Vi2V 13 V 14 V 15 


©m 


H 


L 


H 


L 


H 


L 


H 


L 


H 


L 


H 


L 


H 


L 


H 


L 


H 


®m 


H 


L 


L 


H 


H 


L 


L 


H 


H 


L 


L 


H 


H 


L 


L 


H 


H 




H 


L 


L 


L 


L 


H 


H 


H 


H 


L 


L 


L 


L 


H 


H 


H 


H 


®m 


H 


L 


L 


L 


L 


L 


L 


L 


L 


H 


H 


H 


H 


H 


H 


H 


H 




L 


H 


H 


H 


H 


H 


H 


H 


H 


H 


H 


H 


H 


H 


H 


H 


H 



2. Output form (5 bit) 



Vo Vi V 2 V 3 V 4 Vs Vs V 7 V 8 V 9 Vio V n V 12 V 13 V 14 V15 V 0 V, V 2 V 3 V 4 V 5 V 6 V 7 V 8 V 9 Vio Vn Vi 2 V 13 V M V 15 



2° 


L 


L 


H 


L 


H 


L 


H 


L 


H 


L 


H 


L 


H 


L 


H 


L 


H 


L 


H 


L 


H 


L 


H 


L 


H 


L 


H 


L 


H 


L 


H 


L 


H 


2 1 


L 


L 


L 


H 


H 


L 


L 


H 


H 


L 


L 


H 


H 


L 


L 


H 


H 


L 


L 


H 


H 


L 


L 


H 


H 


L 


L 


H 


H 


L 


L 


H 


H 


2 2 


L 


L 


L 


L 


L 


H 


H 


H 


H 


L 


L 


L 


L 


H 


H 


H 


H 


L 


L 


L 


L 


H 


H 


H 


H 


L 


L 


L 


L 


H 


H 


H 


H 


2 3 


L 


L 


L 


L 


L 


L 


L 


L 


L 


H 


H 


H 


H 


H 


H 


H 


H 


L 


L 


L 


L 


L 


L 


L 


L 


H 


H 


H 


H 


H 


H 


H 


H 


2 4 


L 


L 


L 


L 


L 


L 


L 


L 


L 


L 


L 


L 


L 


L 


L 


L 


L 


H 


H 


H 


H 


H 


H 


H 


H 


H 


H 


H 


H 


H 


H 


H 


H 



Note. Numbers inside □ designate M52670FP and numbers inside O designate M52670P 

5-BIT EXPANSION CIRCUIT 



Tanalog 

INPUT 



SAMPLING (Jh 
CLOCK 



I 



V L ^1.1V 
v M — V L ^1.0V 
V M ^4. 8V 



V M J— 
77T 



V M ^1.1V 

V H | 1 V H -V M ^1.0V 

J- V H ^4.8V 



®©0©dXd) 
000000 



IC1 



!21) |24 

00 00 



777 



I 



-e- 

V cc =5. 0V±0. 5V 



@®0©©® 






000000 


16 




(20) m 


17 






IC2 


18 






I 


1? 




00 00 


20 


© 


©@ ©@ 







,0 "\ 



OPEN 
OUTPUT 



□ Numbers inside designate M52670FP 
O Numbers inside designate M52670P 
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TIMING CHART 

TIMING OF SAMPLING CLOCK AND OUTPUT 



INPUT , 
CLOCK 



ANALOG 
INPUT 

EKD 

OUTPUT 



tpw 



DATA 
READ-IN 



t PH (50ns) 



A-D CONVERSION OUTPUT 



□ Numbers inside designate M52670FP 
O Numbers inside designate M52670P 



APPLICATION EXAMPLE 



SAMPLING CLOCK 




EXTERNAL 
POWER SUPPLY 
O 



DIGITAL SIGNAL 
OUTPUT 



GND 

FLOW TTI 777 " 

JHING 111 V CC or GND 

N.C. TF| 
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DESCRIPTION 

The M5109P is a semiconductor integrated circuit consist- 
ing of two differential amplifiers, fabricated by making use 
of complementary symmetry. 

Since the two differential amplifiers are part of the same 
structure and have closely matched characteristics, this de- 
vise is suitabule for use in applications reguiring such 
matched characteristics. A bias diode is built into the de- 
vice for the convenience of applications. 
The high reliability of this device makes it useful in applica- 
tions such as audio, communications, and control equip- 
ment. 

FEATURES 

• Two differential amplifiers with closely matched charac- 
teristics. 

• Small input offset voltage v5mV(max) 

• Small input offset current 2//A(max) 

• Built-in bias diode 

APPLICATION 

RF/IF amplifiers, double balanced mixer voltage compara- 
tors, balanced dual differential amplifiers, and detectors. 

RECOMMENDED OPERATING CONDITIONS 

Supply voltage range 2~15V 

Rated supply voltage 12V 



PIN CONFIGURATION (TOP VIEW) 



Q2 COLLECTOR 


E 




13 


Q1 COLLECTOR 


I 

Q2 BASE 


E 




m 


Q1 BASE 


Q3 BASE 


E 


M5109P 


i 


Q4 EMITTER 


Q3 EMITTER 


E 


ID 


Q4 BASE 


GND 

(P SUBSTRATE) 


E 


33 


D1 ANODE 


Q5 BASE 


E 




3 


Q6 BASE 


Q5 COLLECTOR 


E 




3 


Q6 COLLECTOR 




14-pin molded plastic DIP 



EQUIVALENT CIRCUIT 



Q2 Q1 Q1 D1 Q6 Q6 Q5 

COLLECTOR COLLECTOR BASE ANODE BASE COLLECTOR COLLECTOR 




EMITTER ^ U EMITTER 
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ABSOLUTE MAXIMUM RATINGS (T a =25°C, unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


Vced 


Collector-emitter voltage 




15 


V 


VcBO 


Collector-base voltage 




20 


V 


Vebo 


Emitter-base voltage 




5 


V 


'c 


Collector current 




50 


mA 


Pd 


Power dissipation 




650 


mW 


K e 


Thermal derating 


T a ^25°C 


6.5 


mW/°C 


Topg 


Operating temperature range 




-20 — h75 


°C 


Tstg 


Storage temperature range 




-40—H25 


°C 



ELECTRICAL CHARACTERISTICS (T a =25°C, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


V,o 


Input offset voltage 


V CE =3V, l E =2mA 






5 


mV 


lio 


Input offset current 






2 


M A 


I.B 


Input bias current 






24 


M A 


'c(Qi) Qr 'c(Q5) 
lc(Q2) 'c(Q6) 


Differential stage current ratio 




1.0 






'cBO 


Collector cuttoff current 


V CB =18V, l E =0 






1 


juA 



TYPICAL CHARACTERISICS (T a =25t, unless otherwise noted) 



THERMAL DERATING 
(MAXIMUM RATING) 



1000 



E 



Q 
LU 

O 




AMBIENT TEMPERATURE T a (°C) 
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APPLICATION EXAMPLES 

(1) Frequency mixer (2) FM Stereo demodulator 




Resistance CL 
Capacitance '. F 
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8- DIGIT FLUORESCENT DISPLAY DRIVER FOR MICROCOMPUTER 



DESCRIPTION 

The M54940P, a monolithic integrated circuit fabricated with 
using an ML technology, is designed for driving an 8-digit, 7- 
segment fluorescent display. 

FEATURES 

• Separated power supplies; 5V (Logic circuit), and 35V 
(Output circuit) 

• Integral scanning oscillator circuit for display 

APPLICATIONS 

• Micro computer display 

• Digital equipment for consumer and Industrial use. 
FUNCTION 

The M54940P, having a 5-bit X 8-digit memory, is a decoder 
driver for dynamic displaying of a vacuum fluorescent tubes. 
The data for one digit section is organized into a 4-bit BCD 
and an 1-bit decimal point. The data memory consists of a 
shift register and a latch, and is capable of displaying the 
previous data while the data is being transported. 



PIN CONFIGURATION (TOP VIEW) 



DATA INPUTS < 



DRIVER 

POWER SUPPLY V cc 2 [I 

LOGIC v cc 1 E 

POWER SUPPLY. |D1 _^ g 

ID2-*Q 
ID4 ->GE 
ID8-*LI 

I idp — LZ 

CLOCK INPUT- CLK-+DE 
RESET INPUT RST — ► [9 
LOAD INPUT LOAD—* M 
DISPLAY INPUT DISP-+E 



OSCILLATOR 



INHIBIT 



osc 



in 

GND HI 

DECIMAL NC E 

POINT OUTPUT DP ♦—El 



2 

2 



13- 



a- 



m 

n - 
m- 
m- 

S3- 

jg- 



T8(MSD)i 
T7 
T6 
T5 
T4 
T3 
T2 

Tl(LSD). 



^DIGIT OUTPUTS 



y SEGMENT OUTPUTS 



Outline 30P4B NC : N0 connection 




30-pin molded plastic DIP(SHRINK) 



BLOCK DIAGRAM 

V CC 2 CI 



DISP 



OSC 02) 




T8 T7 T6 T5 T4 T3 T2 T1 



a b c d e f 9 DP 



DIGIT DRIVER 



OSC 



ID1 (3 

ID2 (4 

ID4 (5 

ID8 (6) n 

IDP 



SEGMENT DRIVER 



T 



SCANNING 
COUNTER 



.'7 



SEGMENT DECODER 



.'8 



,'4 



MULTIPLEXER 



•40 



40-BIT DATA LATCH 



5X8-BIT SHIFTREGISTER 



8 COUNTER 



7=0 
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INPUT PIN FUNCTION 

1 ) OSC ' External capacitor connecting terminal for 
the oscillator circuit. 



2) ID1 
ID2 
ID 4 
ID8 



: BCD Data Input; refer to the numerical 
Designations-resultant displays for the relation 
of the input data to the display. 



3) IDP : decimal point data Input 

4) CLK '. Data transport clock Input: the data can be input 

at a positive-going edge of the CLK 



5) RST ' Reset Input : the CLK input counter is reset at "H" 

6) LOAD Signal Input to load the data latch with the data 

of the shift register. The Input LOAD will not be 
accepted until the 8th CLK Input has been re- 
ceived. 

7) DISP : When it is set to "H" it displays. When it is set to 

"L", the display is inhibitted. During the display 
inhibition period, both the segment and digit 
outputs will be at "L". 



TIMING CHART 

DATA PROGRAMMING 

(1) USING CLK AND RST inputs with LOAD=" H ' 



RST 



ID1~IDP 



CLK 



1 



iXZJCDCDOOOOOC: 

T1 T2 T3 T4 T5 T6 _ T7 T8 

_JLJL_JLJLJLJl__fLJL_ 



DISPLAY OF PREVIOUS DATA 



DISPLAY OF NEW DATA 



When LOAD is kept at " H ", LOAD is automatically done at the 8th CLK input when RST=" L ". 
However, while RST=" L ", if there is a 9th CLK input, the 9th data will be loaded and displayed 



(2) Using CLK, RST and LOAD inputs. 

RST 



I 



ID1-IDP 



CLK 



XDOOOOOOCX 

_ Tl — T2 — T3 _ T4 _ T5 T6 T7 T8 

_JLJLJl_JL_n_JL_n_JL_ 



LOAD 



Jl 



DISPLAY OF PREVIOUS DATA 



After the 8th clock input, the LOAD is valid only in the period while RST=" L". 
Furthermore, if there is 9th CLK input before the LOAD input, the LOAD input is ignored. 



DISPLAY OF NEW DATA 
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OUTPUT TIMING CHART 



T1 
T2 
T3 
T4 
Q5 
T6 



T8 n 



J — L 




display g n & .- 3 c? ! 8 

NUMERICAL DESIGNATIONS-RESUITANT DISPLAYS 





0 


i 


2 


3 


4 


5 


6 


7 


8 


9 


A 


B 


c 


D 


E 


F 


BCD 
DATA 


ID1 


L 


H 


L 


H 


L 


H 


L 


H 


L 


H 


L 


H 


L 


H 


L 


H 


ID2 


L 


L 


H 


H 


L 


L 


H 


H 


L 


L 


H 


H 


L 


L 


H 


H 


ID4 


L 


L 


L 


L 


H 


H 


H 


H 


L 


L 


L 


L 


H 


H 


H 


H 


ID8 


L 


L 


L 


L 


L 


L 


L 


L 


H 


H 


H 


H 


H 


H 


H 


H 


Display 


n 
u 


1 
1 


3 
L 


LU 


IJ 
1 


5 


LO 


~l 
1 


CO 


on 




LU 


n 
i 


L 


~l 


Blank 



► The decimal point, independent of BCD data, is output when the decimal bit of the corresponding digit is ; 
Furthermore, when the decimal point bit is set at " H " at plural digits, plural decimal points are displayed. 



OSCILLATOR CIRCUIT 

1 ) External connection 



Cext 



d D P 




2) Oscillation period 



t OS c%20 C ex tX10- 3 Us)(Typ.) 
(Unit of Cext; (pF)) 



DISPLAYS IMMEDIATELY "AFTER POWER ON." 

The display which appears immediately after "power-on" is in- 
definable. During the period bofore the regular data is trans- 
ported the display can be erased if DISP input is set at " L ". 
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ABSOLUTE MAXIMUM RATINGS (T a =-20~+75°C, unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


V CC 1 


Logic supply voltage 




-0. 3 — h9 


V 


V C C2 


Driver supply voltage 




-0. 3 — h38 


V 




Input voltage 




-0. 3~V CC 1 


V 


V 0 


Output voltage 




0~V CC 2 


V 


T stg 


Storage temperature range 




-55 — H50 


°C 


T opr 


Operating temperature range 




-20- +75 


°C 


Pd 


Power dissipation 




600 


mW 



RECOMMENDED OPERATING CONDITIONS (T a =-20~+75°C, unless otherwise noted) 



Symbol 


Parameter 


Limits 


Unit 


Mm 


Typ 


Max 


Vcci 


Logic supply voltage 


4 


5 


7 


V 


V CC 2 


Driver supply voltage 


10 


30 


35 


V 



ELECTRICAL CHARACTERISTICS (T a =-20~+75°C, V CC 1=5V, V CC 2=35V, unless otherwise noted) 



Symbol 


Parameter 


Test Conditions 


Limits 


Unit 


Min 


Typ 


Max 


V,H 


" H " Input voltage 


V cc 1 =4~7V 


2.7 




Vcd 


V 


V IL 


" L " Input voltage 


V cc = 1 =4~7V 


0 




0.7 


V 


l|H 


" H " Input current 


V,h=5V 




0 


20 


juA 


I.L 


" L " Input current 


V| L =0V 




-0. 25 


-0.4 


mA 


VqH 


" H " Output voltage 


Digit output 


l O H=-10mA 


33 


33.8 




V 


Segment output 


l 0H =-2mA 


33 


34 




Vol 


" L " Output voltage 


lo^OmA 




0 


2 


V 


'cci 


Logic circuit current 


Input : open 

All segment outputs, ON 




12 


22 


mA 


'CC2 


Driver circuit current 


Output : Open 

All segment outputs : ON 




8 


14 


mA 


tosc 


Oscillation Period 


C e xt =1 °00pF 


10 


20 


40 


MS 


* Typical values are measured at 25°C 

TIMING CHARACTERISTICS (T a =-20~+75°C, unless otherwise noted) 


Symbol 


Parameter 


Test Conditions 


Limits 


Unit 


Mm 


Typ 


Max 


fd-K 


Clock Frequency 








100 


kH 2 


fosc 


Oscillation frequency 




10 




100 


kH z 


twc 


Clock pulse width 




2 






/US 


t\A/L 


Load Pulse width 




2 






JUS 


tsetup 


Data setup time (DATA— CLK) 




4 






US 


thold 


Data Hold time (CLK— DATA) 




2 






MS 




Reset-clock time(RST— CLK) 




4 






MS 


t C L 


Clock-load, time(CLK-LOAD) 




4 






MS 


tr(CLK) 


Clock pulse rise time 








10 


MS 


tf(CLK) 


Clock pulse fall time 








10 


MS 
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MITSUBISHI BIPOLAR DIGITAL ICs 

M54940P 



8-DIGIT FLUORESCENT DISPLAY DRIVER FOR MICROCOMPUTER 



INPUT TIMING CHART 

RST 



ID1-IDP 



1.5V 



k J&i 



tRC 



tsetup 



CLK 



LOAD 



OUTPUT TIMING CHART 



DIGIT OUTPUT- 



SEGMENT OUTPUT - 



I/O CIRCUIT SCHEMATIC 



INPUT CIRCUIT 



20k < 



o- 



OSCILLATOR 



thold 



iwc 



90% 
10% 



t C L 



t\A/L 



90% 
10% 



triCLK) X UCLK) 
1.5V 



twd 



twB = twS = 1 4t Q SC 

*WB = 2 tosc 
t C Y = 128tosc 



J L 



- GND 



OUTPUT v cc 2 
CIRCUIT 




GND 



■ V cc 1 



Cext -r- 



OSC 

-O 




COMP> — T — T 



- GND 
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A MITSUBISHI 
ELECTRIC 



MITSUBISHI BIPOLAR DIGITAL IC 



M54570L 



TUNER BAND DECODER/DRIVER 



DESCRIPTION 

The M54570L is a semiconductor integrated circuit capable 
of switching four bands in TV and VTR tuners. 

FEATURES 

• Low output saturation voltage (V C E(sat)^0.5V at lo= — 
35mA). 

• High output sustaining voltage (BV C eo^26V) 

• Four-bands switching 

APPLICATION 

Switching bands in TV and VTR tuners 

FUNCTIONAL DESCRIPTION 

The M54570L is an IC suitable for four-band switching in 

TV and VTR tuners. Since the output drives the power 

supply of each tuner band, a low saturation voltage 

(V C c"V 0 ) becomes necessary. This need is satisfied 

through a first stage configured of PNP transistors. 

The input, being three-valued logic input, can be switched 

into 6 output modes as shown in the truth table. 

The selection mode can be altered by making a wired OR 

connection on the outputs when used as a three-band 

device. 



PIN CONFIGURATIONS (TOP VIEW) 



TJ V cc POWER SUPPLY 

7] -+ O z OUTPUT 2 

0 4 OUTPUT 4 
T) GND 

TJ«~ 1N A INPUT A 

T]«-IN B INPUT B 

T] -+ OUTPUT 1 

T] -+ 0 3 OUTPUT 3 



Outline 8P5 



BLOCK DIAGRAM input a input b power supply 



GND IN A in b V cc 




CURRENT CIRCUIT 



DECODER 



DRIVER 




o 2 0 4 0 3 



OUTPUT 2 OUTPUT 4 OUTPUT 1 OUTPUT 3 
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MITSUBISHI BIPOLAR DIGITAL IC 

M54570L 



TUNER BAND DECODER/DRIVER 



TRUTH TABLE 



Input 


Output 


IN A 


IN B 




o 2 


o 3 


cu 


0 


0 


1 


1 


0 


1 


0 


1 


0 


0 


1 


0 


1 


0 


1 


1 


0 


0 


1 


1 


1 


0 


0 


0 


1 * 


1 * 


1 


0 


0 


1 


1 * 


0 


1 


1 


0 


0 



Input "0" = 0. 4V (max.) 

"1" = 4V(min.),6V(max.) 
"1*" = 10V (min.), V cc (max.) 

Output "0" — output transistor off-state 
"1 " = output transistor on-state 



TYPICAL CHARACTERISTICS 

SOURCE OUTPUT SATURATION 
CHARACTERISTICS 



< 

E 



-50 



-40 



-30 



O 



-20 









I 
















o 3 






0 4 














— N 


f 


















o 2 / 


r 






















6, 


























T 


a = 2 


5°C 
















I I 
— OUTPUT 


4 














— OUTPUT 3 














— 0 


UTPUT 1 


1 

















0.1 0.2 0.3 0.4 
OUTPUT SATURATION VOLTAGE 

Vcc-Vo(V) 



0.-5 



ABSOLUTE MAXIMUM RATINGS (T a = 25°C, unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


Vcc 


Supply voltage 




15 


V 


Vceo 


Output sustaining voltage 




-0. 5~- h26 


V 


v, 


Input voltage 




15 


V 


lo 


Output current 




-40 


mA 


Topr 


Operating ambient temperature range 




-10 — h60 


°C 


Tstg 


Storage temperature range 




-55 — hi 25 


8 C 



RECOMMENDED OPERATING CONDITIONS (T a = 25t, unless otherwise noted) 



Symbol 


Parameter 


Limits 


Unit 


Mm 


Typ 


Max 


Vceo 


Output sustaining voltage 


0 




24 


V 




Output current 


Outputs 1 and 3 


0 


-35 


-40 


mA 


lo 


Outputs 2 and 4 


0 


-20 


-25 


V,H 


"H" input voltage 


4 




6 


V 


V,L 


"L" input voltage 


0 




0.4 


V 


V,H* 


"H*" input voltage 


10 




Vcc 


V 



ELECTRICAL CHARACTERISTICS (T a = 25°C, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit ' 


Min 


Typ 


Max 


•odeak) 


Output leakage current 


V CC =12V, V 0 =-12V, output opened 






-100 




Vqh 


"H" output voltage 


V CC =12V 


l o =-20mA 


11.7 


11.9 




V 


l 0 =-35mA ( output 1, 3) 


11.5 


11.9 




I.H 


"H" input current 


V CC =12V, V,=4V 






10 


M* 


l|H*A 


"H*" input current (input A) 


V CC =12V, V,*=10V 




0.63 


1.3 


mA 


I.H*B 


"H*" input current (input B) 


V C c=12V, V,*=10V 






20 


^A 


I.L 


"L" input current 


V CC =12V, V|=0.4V 






-100 


/uA 


'cc 


Supply current 


V C c=13V, V| A =0V, V| B =4V, output opened 




17 


28 


mA 
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MITSUBISHI BIPOLAR DIGITAL IC 

M54572L 

TUNER BAND DECODER/DRIVER 



DESCRIPTION 

The M54572L is a semiconductor integrated circuit capable 
of switching four bands in TV and VTR tuners. 

FEATURES 

• Low output saturation voltage ( V C e( sat) ^ 0.5V at l 0 = — 
30mA). 

• High output sustaining voltage (BV CE o^28V) 

• Four-bands switching 

APPLICATION 

Switching bands in TV and VTR tuners 

FUNCTIONAL DESCRIPTION 

The M54572L is an IC suitable for four-band switching in 
TV and VTR tuners. Since the output (outputs 1~3) drives 
the power supply of each tuner band, a low saturation vol- 
tage (V cc — V 0 ) becomes necessary. This need is satisfied 
through a first stage configured of PNP transistors. 
Output 4 can be used for changing modes with the same 
power supply as the NPN transistor has an open collector 
output. 

The input mode can be switched between four modes as 
shown in the truth table. 

The selection mode can be altered by making a wired OR 
connection to outputs 1 ~ 3 when used as a three-band 
device. 



PIN CONFIGURATIONS (TOP VIEW) 



CM 
N. 



T] V cc POWER SUPPLY 

T] -*■ 0 2 OUTPUT 2 

T] 0 4 OUTPUT 4 
7] GND 

3«-iNa input a 

TJ«-in b input b 

1] OUTPUT 1 

O j]~*° 3 OUTPUT 3 



Outline 8P5 



TRUTH TABLE 



Input 


Output 


IN A 


IN B 


On 


o 2 


o 3 


o 4 


0 


0 


1 


z 


z 


z 


0 


1 


Z 


z 


1 


z 


1 


0 


z 


1 


z 


z 


1 


1 


z 


z 


1 


0 



Input "0" = IV (max.) 
"1" = 3V(min) 



Output "0" = current sink 

"1 " = current source 
"Z" = high impedance 



BLOCK DIAGRAM 



INPUT B 
GND in b 



<s>- 



INPUT A 
IN A 



POWER SUPPLY 
Vcc 



INPUT CIRCUIT — I 



INPUT CIRCUIT 



DECODER 




o 4 0 3 

OUTPUT 4 OUTPUT 3 



REGULATED 
CURRENT CIRCUIT 













DRIVER 




On 

OUTPUT 1 
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TUNER BAND DECODER/DRIVER 



ABSOLUTE MAXIMUM RATINGS (T a = 25°C, unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


Vcc 


Supply voltage 




18 


V 


Vceo 


Output sustaining voltage 




-0. 5—4-28 


V 


V, 


Input voltage 




18 


V 


'so 


Output source current 


01 ~03 


-40 


mA 


Is. 


Output sink current 


04 


40 


mA 


Topr 


Operating ambient temperature range 




-10 — h60 


°C 


Tstg 


Storage temperature range 




-55 — H25 


°c 



RECOMMENDED OPERATING CONDITIONS (T a = 25C, unless otherwise noted) 



Symbol 


Parameter 


Limits 


Unit 


Min 


Typ 


Max 


Vcc 


Supply voltage 


12 




15 


V 


Vceo 


Output sustaining voltage 


0 




25 


V 


'so 


Output source current 


01-03 


0 




-30 


mA 


'si 


Output sink current 


04 


0 




30 


mA 


V, H 


"H" input voltage 


3 




V CC 


V 


v, L 


"L" input voltage 


0 




1 


V 



ELECTRICAL CHARACTERISTICS (T a = 25C, V cc = 12V, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


'so(leak) 


Source output leakage current 


V S0 =-12V 






-100 


juA 


'si(leak) 


Sink output leakage current 


V S ,=25V 






100 


juA 


Vsoh 


Source output "H" voltage 


lso == ~30mA 


11.5 


11.8 




V 


Vs.L 


Sink output "L" voltage 


l S i=30mA 




0.2 


0.5 


V 


I.H 


"H" input current 


V,=3V 






10 


VA 


'iL 


"L" input current 


V,=1V 






-100 


juA 


'cc 


Supply current 


V CC =13V, V, A =3V, V IB =0V, output opened 






28 


mA 



TYPICAL CHARACTERISTICS 



3 
O 



3 

o 



SOURCE OUTPUT SATURATION 
CHARACTERISTICS 




OUTPUT SATURATION VOLTAGE 

Vcc-Vo(mV) 



O 



SINK OUTPUT SATURATION 
CHARACTERISTICS 



40 



3 30 



20 



J I 

[Vcc =12V 

Ta =7 








/ 








5"C 


f 

1 


// 










. T a =25"C 

T a =-20C 


i / 
t / 


t 


















7 


















// 
/// 


















/ 

// 




















!// 

/// 




















/ 


















t 







































50 



100 



150 



OUTPUT SATURATION VOLTAGE 

V C E(sat)(mV) 
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A MITSUBISHI 
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MITSUBISHI BIPOLAR DIGITAL IC 

M54573L 

TUNER BAND DECODER/DRIVER 



DESCRIPTION 

The M54573L is a semiconductor integrated circuit capable 
of switching three bands in TV and VTR tuners. 

FEATURES 

• Low output saturation voltage (V CE (sat)^0.5V at l 0 = — 
30mA). 

• High output sustaining voltage (BV ceo ^28V) 
APPLICATION 

Switching bands in TV and VTR tuners 

FUNCTIONAL DESCRIPTION 

The M54573L is an IC suitable for three-band switching in 
TV and VTR tuners. Since the output (outputs 1~3) drives 
the power supply of each tuner band, a low saturation vol- 
tage (V C c — V Q ) becomes necessary. This need is satisfied 
through a first stage configured of PNP transistors. 
Output 4 can be used for changing modes with the same 
power supply as the NPN transistor has an open collector 
output. 

The input mode can be switched between three modes as 
shown in the truth table. The "o", "1" mode and the "1", 
"1" mode are the same modes. 

The selection mode can be altered by making an OR con- 
nection on outputs 1~3. 



PIN CONFIGURATIONS (TOP VIEW) 



CO 

m 

LO 

2 



T] V cc POWER SUPPLY 

T]-*0 2 OUTPUT 2 

T] 0 4 OUTPUT 4 
T] GND 

]j]«-IN A input a 

1]«-IN B INPUT B 

TJ-^Oi OUTPUT 1 

3~*O a OUTPUT 3 



Outline 8P5 



TRUTH TABLE 



Input "0" = 1V (max ) 
T' = 3V(min.) 



Output "0" = current sink 

"1" = current source 
"Z" = high impedance 



Input 


Output 


IN A 


IN B 




o 2 


o 3 


o 4 


0 


0 


1 


z 


z 


0 


0 


1 


z 


z 


'1 


0 


1 


0 


z 


1 


z 


z 


1 


1 


z 


z 


1 


0 



BLOCK DIAGRAM INPUT B 

GND IN B 

0. (T 



INPUT A 
,IN A 




INPUT CIRCUIT 



INPUT CIRCUIT 



DECODER 













DRIVER 





<«>-<!> — © 6 



0 4 0 3 O z On 

OUTPUT 4 OUTPUT 3 OUTPUT 2 OUTPUT 1 



POWER SUPPLY 
Vcc 



REGULATED 
CURRENT 
CIRCUIT 
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TUNER BAND DECODER/DRIVER 



ABSOLUTE MAXIMUM RATINGS (T a = 25t , unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


Vcc 


Supply voltage 




18 


V 


Vceo 


Output sustaining voltage 




-0. 5 — H28 


V 


v, 


Input voltage 




18 


V 


'so 


Output source current 


01 -03 


-40 


mA 


'si 


Output sink current 


04 


40 


mA 


Topr 


Operating ambient temperature range 




-10 — 1-60 


°C 


Tstg 


Storage temperature range 




-55 — hi 25 


°c 



RECOMMENDED OPERATING CONDITIONS (T a = 25°C, unless otherwise noted) 



Symbol 


Parameter 


Limits 


Unit 


Mm 


Typ 


' Max 


Vcc 


Supply voltage 


12 




15 


V 


Vceo 


Output sustaining voltage 


0 




25 


V 


'so 


Output source current 


01-03 


0 




-30. 


mA 


Is. 


Output sink current 


04 


0 




30 


mA 


V,h 


"H" input voltage 


3 




Vcc 


V 


V, u 


"L" input voltage 


0 




1 


V 



ELECTRICAL CHARACTERISTICS (T a = 25°C, V cc = 12V, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


'so(leak) 


Source output leakage current 


V S0 =-12V 






-100 


juA 


'si(leak) 


Sink output leakage current 


V S ,=25V 






100 


MA 


VsOH 


Source output "H" voltage 


lso = — 30mA 


11.5 


11.8 




V 


V S .L 


Sink output "L" voltage 


l S i=30mA 




0.2 


0.5 


V 


llH 


"H" input current 


V,=3V 






10 


M A 


IlL 


"L" input current 


V,=1V 






-100 


U A 


Ice 


Supply current 


V CC =13V, V| A =3V, V,B=0V, output opened 






28 


mA 



TYPICAL CHARACTERISTICS 



SOURCE OUTPUT SATURATION 
CHARACTERISTICS 



-40 



-30 



£ -20 

D 
O 
I- 

i -10 

D 

o 

























V 


cc = 


2V 






t 

1 

/ 




, 






Ta 


= 75 
=25 
= -2 


C 


— 4- 










. — , a 


c - 
or 


t 


L — , 


/ 

/ 














/ 




/ 
















/ 

/ / 


' / 
















/ 


/ < 


















/ / 
'/' 


/ 
















/ , 
// 


// 
















/ 


t// 

















0 50 100 150 

OUTPUT SATURATION VOLTAGE 

Vcc-Vo(mV) 



Q_ 
D 

o 



SINK OUTPUT SATURATION 
CHARACTERISTICS 



40 



3 30 



20 



I I 1 

1 Vcc =12V 

Ta =75°C 

T a =25°C 




1 / 
/ / 


/ 








1 

1 

1 1 


// 












- — 1 


r a = 


20°C 


1 / 


f 
















/ 

// 


ff 


















// 
/// 


















/ 
/> 


7 


















~# 




















7 


















t 







































50 



100 



150 



OUTPUT SATURATION VOLTAGE 

V C E(sat)(mV) 
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M54847AP 



2-DIGIT BCD-7SEGMENT DECODER/DRIVER 



DESCRIPTION 

The M54847AP is a semiconductor integrated circuit con- 
sisting of an !IL 2 digit BCD-7 segment decoder/driver. 

FEATURES 

• Direct drive of LEDs (common cathode type. No need 
for current limiting resistors, segment current: 10mA 
max.) 

• Direct drive of fluorescent character displays (Segment 
withstand output is —25V max at V CC =5V.) 

• Data input in both serial and parallel formats 

• Brightness control input enables continuous LED bright- 
ness adjustment. 

APPLICATION 

TV channel display 

FUNCTIONAL DESCRIPTION 

The M54847AP is a 2 digit BCD-7 segment decoder/driver 
for static drive of LED and fluorescent character displays. 
The following display modes are possible. 



MODE I Numerical display of jJLj~ 3-' 



MODE n 



Numerical display of 

□ i i ro 

i i u , i i i , 



n . 
u 



■33. 



and 



PIN CONFIGURATION (TOP VIEW) 



DATA INPUTS 



DATA INPUTS 



2A- 
2B- 
2C- 
2D- 
1A- 
1B- 
1C- 
1D- 
GND 

LATCH INPUT Latch - 

SERIAL DATA INPUT SI - 
DATA TRANSFER 
CLOCK INPUT 

PARALLEL/SERIAL p /Q 

SWITCHING r/C5 
DISPLAY MODE MODE 
SWITCHING INPUT 

BRIGHTNESS B C 
CONTROL INPUT 



CTL — 




Outline 30P4B 



BLOCK DIAGRAM 



DATA INPUTS 



DATA INPUTS 



SERIAL DATA INPUT SI Cn 




V cc GND MODE 

■(23) (9) @ — 



12> 
CTL 

DATA TRANSFER 
CLOCK INPUT 



8 BIT 


8 


8 BIT 


SHIFT 




DATA 


REGISTER 




LATCH 




LATCH 
INPUT 



PARALLEL/SERIAL 
SWITCHING 



BC 

BRIGHTNESS 
CONTROL INPUT 



SEGMENT OUTPUTS 
(UPPER DIGIT) 



SEGMENT OUTPUTS 
(LOWER DIGIT) 
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MITSUBISHI BIPOLAR DIGITAL ICs 

M54847AP 



2-DIGIT BCD-7SEGMENT DECODER/DRIVER 



OPERATING DESCRIPTION 

• Display mode 

(1) When the mode switching input is high, both digits 
are driven in accordance with Function Table I . 

(2) When the mode switching input is low, input 1C and 
1D become the character data inputs, driving the 
display in accordance with Function Table E. 



• Serial input data writing 

Data 2A-^2D and 1A-^1D is read sequentially by the low 
edge of CTL. After all 8 bits are loaded in the shift register, 
the display is updated by switching Latch input to low. 



SERIAL DATA WRITING 

(2A) (2B) (2C) (2D) (1A) (1B) (1C) (1D) 





( X X X X X X X ) 


c 








uuuuuuuu 






DATA WRITING 




u 

DISPLAY UPDATA 



INPUT TIMING DIAGRAM 



CTL 



Latch 



I th J 

i I 1 I t su = 20A' 

L twH J L twL t h = 20/is 

L-T 11' t WH = 30// 



t su > i < *h ^ MINIMUM VALUES 

t su = 20/u s 



W 7 



t WH = 30// s 

t W L= 10//S 

t|_i_ = 10//S 



FUNCTION TABLE I 



Data input 


Segment output 


Display 


A 


B 


C 


D 


a 


b 


c 


d 


e 


f 


g 


L 


L 


L 


L 


H 


H 


H 


H 


H 


H 


L 


n 
u 


H 


L 


L 


L 


L 


H 


H 


L 


L 


L 


L 


i 


L 


H 


L 


L 


H 


H 


L 


H 


H 


L 


H 


E 1 


H 


H 


L 


L 


H 


H 


H 


H 


L 


L 


H 


3 


L 


L 


H 


L 


L 


H 


H 


L 


L 


H 


H 


4 


H 


L 


H 


L 


H 


L 


H 


H 


L 


H 


H 


5 


L 


' H 


H 


L 


H 


L 


H 


H 


H 


H 


H 


b 


H 


H 


H 


L 


H 


H 


H 


L 


L 


L 


L 


n 
i 


L 


L 


L 


H 


H 


H 


H 


H 


H 


H 


H 


8 


H 


L 


L 


H 


H 


H 


H 


H 


L 


H 


H 


9 


L 


H 


L 


H 


L 


L 


L 


L 


L 


L 


H 




H 


H 


L 


H 


H 


L 


L 


H 


H 


H 


H 


£ 


L 


L 


H 


H 


H 


L 


L 


H 


H 


H 


L 


r 

L 


H 


L 


H 


H 


L 


L 


L 


L 


L 


L 


L 


Blank 


L 


H 


H 


H 


L 


L 


H 


H 


H 


L 


H 


□ 


H 


H 


H 


H 


L 


L 


L 


L 


L 


L 


L 


Blank 



FUNCTION TABLE I 



Data input 


Other data 
1A, IB 
2A—2D 


Display 


1C 


1D 


First digit 


Second digit 


L 


L 


X 


-(NoteD 


-(Notel) 


H 


L 


X 


r 

L 


R 


L 


H 


X 


H 


1 1 

u 


H 


H 




(Note 2) 


(Note 3) 



Note 1 '. Only segment g lights. 

2 : When both 1C and 1D inputs are high, 
first digit display blanking or numerical 
display of 1, 2 or 3 is determined by 1A, 
1 B input state. 



Data input 


Segment output 


Display 


1A 


IB 


1C 


ID 


1a 


lb 


1c 


1d 


1e 


1f 


ig 


L 


L 


H 


H 


L 


L 


L 


L 


L 


L 


L 


Blank 


H 


L 


H 


H 


L 


H 


H 


L 


L 


L 


L 




L 


H 


H 


H 


H 


H 


L 


H 


, H 


L 


H 




H 


H 


H 


H 


H 


H 


H 


H 


L 


L 


H 


3 



Note 3 : Other digit codes are identical to those in function table I . 
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I/O CIRCUIT DIAGRAM 




ABSOLUTE MAXIMUM RATINGS (T a - -lO-WC, unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


Vcc 


Supply voltage 




-0. 5 — VI 


V 


V, 


Input voltage 




-0. 5 — hVcc 


V 


Vcc-Vo 


Voltage between supply and output 




-0. 5 — 1-35 


V 


Topr 


Operating temperature 




-10 — 1-60 


°c 


Tstg 


Storage temperature 




-40 — H25 


°c 


Pd 


Power dissipation 


T a = 60T 


800 


mW 


RECOMMENDED OPERATING CONDITIONS (T a =-10~+60°C, unless otherwise noted) 


Symbol 


Parameter 


Conditions 


Limits 


Unit 


Min 


Typ 


Max 


Vcc 


Supply voltage 




4.5 


5 


6 


V 


Iseg 


Segment current 








-10 


mA 


V 0 


Output withstand voltage when output is off 








-25 


V 



ELECTRICAL CHARACTERISTICS (T a = -10~- WC, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


V IH 


High input voltage 


V cc = 4. 5~6V 


2 




Vcc 


V 


v, L 


Low input voltage 


V cc = 4. 5~6V 


0 




0.6 


V 




High input current 


Vcc = 6V 


B.C input 


0.5 


0. 75 


1.2 


mA 


t.H 


V, H = 6V 


Inputs other than B.C 






50 


//A 




Low input current 


Vcc = 6V 


B.C input 






50 


/M 


I.L 


V| L = OV 


Inputs other than B.C 


-280 


-400 


-650 


Iseg 


Segment output current 


Vcc = 5V, V 0 = 2V, B.C pin is connected to V C c- 


-10 






mA 


>slk 


Segment leak current 


V cc = 5V, V 0 = -25V 






-50 


/M 


•cci 


Supply voltage 


Vcc = 6V, All inputs and outputs are open 




4 


8 


mA 



Note 4 : All typical values are at V cc = 5V, T a = 25°C . 
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DESCRIPTION 

The M54970P is a semiconductor integrated circuit of l 2 L 
structure containing a serial input to serial/parallel output 9- 
bit shift register and latch as well as an output driver. 

FEATURES 

• Serial input to serial/parallel output 

• Cascade connections possible through serial output 

• Enable input for output control 

• Power-cut input 

• Driver : Withstand voltage BV CE o^20V 

Large drive current ( l 0 (max)— 300mA) 

• Wide operating temperature range- - T a =— 20 — h75°C 

APPLICATION 

Thermal printer head dot driver Serial-to-parallel con- 
version 

FUNCTIONAL DESCRIPTION 

The M54970P consists of a 9bit D-type flip-flop, the output 
of which is connected to 9 latches. 

When data is applied to the serial data input (S-IN) and a 
clock pulse is applied to clock input (T) , an "L" to "H" 
change of the clock will cause the data input signals to en- 
ter the internal shift registers and the data in the shift regis- 
ters will be shifted in order. 

Using a number of M54970P units for bit expansion in 
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series will entail connecting serial output (S-OUT) to S-IN 
of the next-stage M54970P. 

In parallel output, when the power-cut input and latch input 
are set to "H" and the output-control input (enable input 
EN) is "H", a clock pulse changing from "L" to "H" will 
cause the serial data input signal to appear at output 01, 
and the data will be shifted in order at outputs 02~09. 
The parallel output will yield a signal that is inverted with 
respect to the serial data input. 



PIN CONFIGURATION (TOP VIEW) 



POWER-COT INPUT PC — [T 
LATCH INPUT LATCH — [T 
SERIAL OUTPUTS-OUT — [T 
V CC U 
GND [T 



PARALLEL 
OUTPUTS 



09— |T 
08 — [7 
07 — [Y 
06 — [T 



2 

CO 

o 



ENABLE INPUT 



CLOCK INPUT 



75]— EN 

Til— S-IN SERIAL DATA 
_ INPUT 
J5] GND 

14]— oT 

J3]— 02 

12]— 03 

TT] — 04 

TO] — 05 



PARALLEL 
OUTPUTS 



Outline 18P4 



BLOCK DIAGRAM 



GND u5 



01 





02 

-63)- 



03 

-62Y- 



04 



05 



06 



07 



09 

-0D~ 



A 1 A 1 A 1 A 1 A 1 A 1 AJ A 1 A 1 



5)GND 




DQ 



DQ 



DQ 



DQ 



DQ 



DQ 



POWER 
SUPPLY 
CIRCUIT 



W PC 



DQ 



DQ 



3) S-OUT 
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Setting the LATCH input to "L" will prevent data from enter- 
ing the latch. 

When the EN input is set to "L", all outputs (0T~09) will be 
set to OFF. Since the internal logic state of the IC is uncer- 
tain at power-on time, set the EN input to "L" (and outputs 
01~09 will be set to OFF) until the input data is set and 



the internal logic state has been detrmined. 
The power will be cut when the power-cut input is set to 
"L", and since the data of the shift registers and latches are 
not maintained in this state, it will be necessary to input 
data again in order to set the output following a change of 
PC input from "L" to "H". 



TIMING CHART 



PC 
S-IN 
T 

LATCH 
EN 

01 
02 
03 
04 
05 
06 
07 
08 

09 
S-OUT 




IT 



IT 



_n_r 



sis 



i n_r 



inn r 



i_n_n r 



in_r 



1777777, 
777777, 



IT 



~ V77777, 



m_r~ 
m_r 



j~~i_r 



*The state of the shaded areas is uncertain 
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INPUT/OUTPUT EQUIVALENT CIRCUIT SCHEMATICS 
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ABSOLUTE MAXIMUM RATINGS (T a =-20 o C~+75°C, unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


Vcc 


Supply voltage 




-0. 5 — 1-8 


V 


V, 


Input voltage 




-0.5 — HO 


V 


V 0 


Output voltage 


Output is OFF 


-0. 5—4-20 


V 


lo 


Output current 




350 


mA 


Pd 


Power dissipation 


T a =25°C 


1.25 


W 


Topr 


Operating temperature range 




-20 — h75 


°C 


Tstg 


Storage temperature range 




-55-+125 


°C 



RECOMMENDED OPERATING CONDITIONS (T a =-20~+75'C, unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Limits 


Unit 


N/lin 


Typ 


Max 


Vcc 


Supply voltage 




4.5 


5.0 


5.5 


V 


V 0 


Applied output voltage 


When output is OFF 






20 


V 


lo 


Output current (per circuit) 


Alloutputs ON simultaneously 
Duty cycle less than 30% 






300 


mA 



ELECTRICAL CHARACTERISTICS (T a =+25 C C, unless otherwise noted) 



Symbol 


Parameter 


Pin 


Test conditions 


Limits 


Unit 


Mm 


Typ 


Max 


V,H 


"H" input voltage 


2, 16, 17 


T a =-20~+75°C 


2.2 




Vcc 


V 


V, L 


"L" input voltage 


0 




0.8 


V 


V, H 


"H" input voltage' 


1,18 


T a =-20~+75°C 


2.2 




Vcc 


V 


V, L 


"L" input voltage 


0 




0.8 


V 


I.H 


"H" input current 


2,16,17 


V CC =5.5V, V tH =2.4V 






10 


juA 


IlL 


"L" input current 


V CC =5.5V, V, L ^0.4V 






-50 


juA 


llH 


"H" input current 


1, 18 


V CC =5.5V, V,h=5.5V 






250 


M A 


V C c=5.5V, V, H =2.4V 






100 


l|L 


"L" input current 


V C c=5.5V, V,L=0V 






-10 


juA 


VqH 


"H" output voltage 


3 


V CC =4.5V, l OH =-400//A 


2.4 






V 


Vol 


"L" output voltage 


V CC =4.5V, l 0L =8mA 






0.4 


V 


Vol 


"L" output voltage 


6-14 


V CC =4.5V, l O L=300mA 






0.6 


V 


'cci 


Supply current 


4 


Vcc— 5V, power-cut is ON 






10 


/uA 


'CC2 


V CC =5.5V, EN is "L" 




10 


15 


mA 


•cC3 


V CC =5.5V, all outputs are ON 




90 


130 


mA 


'o(leak) 


Output leakage current 


6~14 


V CC =5.5V, V OH =20V 






100 


juA 
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REQUIRED TIMING CONDITIONS (T a =-20~+75°C, unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Limits 


Unit 


Mm 


Typ 


Max 


fcrt 


Clock frequency 


Input duty cycle 40~60% 






1 


MHz 


tw(T> 


Clock pulse width 




0.4 






MS 


tw(L) 


Latch pulse width 




0.4 






m s 


tsu 


Data setup time 




0.2 






US 


th 


Data hold time 




0.3 






MS 


td(T-L) 


Clock-latch time 




1 






MS 


tr(T) 


Clock pulse rise time 








0.5 


MS 


tf(T) 


Clock pulse fall time 








0.5 


MS 


td(p-so 


Power-cut input -* data input setting tiwe 


Hold EN input at "L" when PC 
input is changed from "L" to "H" 


2 






MS 



VOLTAGE WAVEFORM 




tw(L) 
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SWITCHING CHARACTERISTICS <T a =2sr v co =5v) 



Symbol 


Parameter 


Conditions 


Limits 


Unit 


Min 


Typ 


Max 


tpi_H 


"L-H" output propagation time 
(input T to output S-OUT) 








0.7 


MS 


tpHL 


"H-L" output propagation time 
( Input T to output S-OUT) 


V 1H =3V 
V| L =0V 

Rl ' S-out = 2KH 

R L :o^=i(xm 

(N=1~9) 
C L =15 p F 
(NoteD 






0.8 


juS 


tpLH 


"L-H" output propagation time 
(Input T to output On) 






5 


MS 


tpHL 


"H-L" output propagation time 
(Input T to output On) 






1 


US 


tpLH 


"L-H" output propagation time 
(Input EN to output 0 N ) 






10 


MS 


tpHL 


"H-L" output propagation time 
(Input EN to output 0 N ) 








1 


MS 



(Notel) TEST CIRCUIT 



Vcc 

O 



INPUT 

g 



PG 



50 n 



ELEMENT 
UNDER 
TEST 



4r 



:r l 



-O OUTPUT 



Input waveform is taken as t r ^50ns and tf^50ns 



(VOLTAGE WAVEFORM) 



S-OUT 



EN 



Vlh 



tpHL 



tpLH 



5V 



1.5V 



" V 5v -F - 



5V 



" \l.5V 1; 5v ^ 



1.5V 
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TYPICAL CHARACTERISTICS 

THERMAL DERATING 



CL 



CO 
Q 

DC 
111 

o 




"0 25 50 75 100 

AMBIENT TEMPERATURE T a (°C) 



ID 

o 



DUTY CYCLE VS PERMISSIBIE 
OUTPUT CURRENT 



400 



300 



200 



100 















































































































































• T 


a=2 


5°C 
















• Repetition frequency >10Hz 
-• Numbers in O indicate the nurr 
of output circuits that operate 


ber 




- simultaneously. H h — | 

• Current values are per circuit. 







©~(7) 



20 



60 



80 



100 



DUTY CYCLE {%) 



DUTY CYCLE VS PERMISSIBLE 
OUTPUT CURRENT 



400 



< 

~ 300 



200 



O 



D 
Q. 
I— 



























































































































• 1 


"a - " 


'5°C 
















• Repetition frequency >10Hz 

- • Numbers in O indicate the nun 

of output circuits that operate 

- simultaneously 

• Current values are per circuit 


ber 





20 



40 



60 



100 



DUTY CYCLE (%) 
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DESCRIPTION 

The M54975P is a semiconductor integrated circuit fabri- 
cated using Bi-CMOS technology. It contains a serial input 
to serial/parallel output 8-bit shift register and latch as well 
as a bipolar 8-bit parallel-output driver. 

FEATURES 

• Serial input to serial/parallel output 

• Cascade connections possible through serial output 

• Latch circuit included for each stage 

• Enable input for output control 

• Low supply current Icc^lO/M at standby 

• Serial input/output level is compatible with standard 
CMOS 

• Driver : Withstand voltage BV CEO ^30 

Large drive current 0o(max)=300mA) 

• Wide operating temperature range •••• T a =— 20 — h75°C 

APPLICATION 

• Thermal printer head dot driver 

• Serial-to parallel conversion 

• Relay, solenoid driver 

FUNCTION DESCRIPTION 

The M54975P consists of an 8-bit D-type flip-flop, the out- 
put of which is connected to 8 latches. 
When data is applied to the serial data input (S-IN) and a 
clock pulse is applied to clock input (T) , an "L" to "H" 
change of the clock will cause the data input signals, to en- 
ter the internal shift registers and the data in the shift regis- 
ters will be shifted in order. 



PIN CONFIGURATION (TOP VIEW) 



CLOCK T 


-LI 




]]] — 01 


SERIAL INPUT S-IN 


-LI 




Tj|— 02 


LOGIC GND L-GND 


U 




J4]— 03 


Vcc 


LI 


154975 


T|- 04 


SERIAL OUTPUT S-OUT 


-LI 


72]— 05 


LATCH INPUT LATCH 


-LI 


■v 


in]-- 06 


ENABLE INPUT EN 


LI 




JO]— 07 


DRIVER GND P-GND 


GE 




T|— 08 



PARALLEL 
OUTPUTS 



Outline 16P4 



Using a number of M54975P units for bit expansion in 
series will entail connecting serial output (S-OUT) to S-IN 
of the next-stage M54975P. 

In parallel output, when the latch input is set to "H" and the 
output-control input (enable input EN) is "L", a clock pulse 
changing from "L" to "H" will cause the serial data input 
signal to appear at output 01, and the data will be shifted in 
order at outputs 02~08. 

The parallel output will yield a signal that is inverted with 
respect to the serial data input. 

Setting the LATCH input to "L" will prevent data from enter- 
ing the latch. 

When the EN input is set to "H", all outputs (01 -OS) will 
be set to OFF. Since the internal logic state of the IC is un- 
certain at power-on time, set the EN input to "H" (and out- 



BLOCK DIAGRAM 



Vcc CO 



EN (7) 



LATCH f 6 




"~1 



8) P-GND 




D Q 
T 



D Q 
T 



D Q 
T 



D Q 
T 



D Q 
T 



D Q 
T 



D Q 
T 




5) S-OUT 



.J 



L-GND 
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puts 01—08 will set to OFF) until the input data is set and P-GND is the ground for the output driver section (01 ~ 
the internal logic state has been determined. 08) , which is made up of bipolar transistors that are cap- 

L-GND is the ground of the CMOS logic circuit section and able of driving large currents. 



TIMING CHART 



UN llll Liil UU II II II II llllllll 



LATCH 



02 



j_r 



05 



06 




U IT 



u — If 



WMZZZZZL 



J L 



JU1_ 



*The stage of the shaded areas is uncertain. 

INPUT/OUTPUT CIRCUIT SCHEMATICS 



J | INPUT WITH PULL-UP RESISTOR 

(EN, LATCH) v 

Vcc 



O * Wr 



L-GND 



3 | SERIAL OUTPUT 
(S-OUT) 



2 I INPUT WITH PULL-DOWN RESISTOR 

(T, S-IN) 




L-GND 



4 I PARALLEL OUTPUT 
(OT~08) 



L-GND 



-o 



1.5kfi 




-O 
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ABSOLUTE MAXIMUM RATING (T a =-20~+75 < C, unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


Vcc 


Supply voltage 




-0. 5 — h8 


V 


' v, 


Input voltage 




-0. 5~Vcc+0. 5 


V 


Vo 


Output voltage 


S-OUT 


-0. 5~V cc +0. 5 


V 


0T~08 : Output is OFF 


-0. 5—+30 


•o 


Output Current 


0T~08 '. Output is ON 


350 


mA 


Pd 


Power dissipation 


T a =25°C 


1.25 


W 


Topr 


Operating temperature 




-20 — 1-75 


°C 


Tstg 


Storage temperature range 




-55 — H25 


°C 



RECOMMENDED OPERATING CONDITIONS (T a =-20~+75°C unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Limits 


Unit 


Mm 


Typ 


Max 


Vcc 


Supply voltage 




4 


5 


6 


V 


Vo 


Applied output voltage 


Ol~08 : When output is OFF 






30 


V 


'o 


Output current (per circuit) 


01~08 : All outputs ON simultaneously 
Duty cycle less than 15% 






300 


mA 



ELECTRICAL CHARACTERISTICS (T a =+25°C, V CC =5V, unless otherwise noted) 



Symbol 


Parameter 


Pin 


Conditions 


Limits 


Unit 


Mm 


Typ 


Max 


V 1H 


"H" input voltage 


1,2 
6,7 


T a =-20~+75°C 


0. 7V CC 




Vcc 


V 


v IL 


"L" input voltage 


0 




0. 3V CC 


V 


R|N 


input resistance 




50 






kn 


VqH 


"H" output voltage 


5 


I l 0 I 


4.9 






V 


Vol 


"L" output voltage 






0.1 


V 


'oh 


"H" output current 


V 0H =4. 5V 


-100 






juA 


l0L 


"L" output current 


V OL =0. 4V 


400 






M A 


V 0 L1 


"L" output voltage 


9—16 


l 0L = 100mA 






1.2 


V 


V OL2 


l OL =200mA 






1.4 


V 


Vols 


l OL =300mA 






1.6 


V 


'OLK 


Output leakage current 


V o =30V 






50 


/uA 


'cci 


Supply current 


4 


Inputs free, all driver outputs OFF 






10 


/uA 


'CC2 


Driver output .* 1 circuit ON 






1.7 


mA 



REQUIRED TIMING CONDITIONS (T a =-20~+75°C, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Mm 


Typ 


Max 


f(T) 


Clock frequency 


Input duty cycle 40~60% 






2 


MHz 


tw(T) 


Clock pulse width 




200 






nS 


tw(L) 


Latch pulse width 




200 






nS 


*su 


Data setup time 




100 






nS 


th 


Data hola time 




100 






nS 


td(T-L) 


Clock-latch time 




400 






nS 


l r(T) 


Clock pulse rise time 








500 


nS 


tf(T) 


Clock pulse fall time 








500 


nS 



A MITSUBISHI 
ELECTRIC 



10-91 



MITSUBISHI BIPOLAR DIGITAL ICs 

M54975P 

BI-CMOS 8-BIT SERIAL-INPUT, LATCHED DRIVER 



VOLTAGE WAVEFORM 



S-IN 



)(™ 



*su 



V / 90% 

2.5V \ 2.5V / 

tw(T) 



td(T-L) 



tr(T) 




LATCH 



J- f 2. 5V 2. 5V 



tw(L) 



SWITCHING CHARACTERISTICS (T a =+25c, v cc =5v) 



Symbol 


Parameter 


Conditions 


Limits 


Unit 


Mm 


Typ 


Max 


tpi_H 


"L-H" output propagation time 
(Input T to output S-OUT) 








0.3 




tpHL 


"H-L" output propagation time 
(Input T to output S-OUT) 


V,h=5V 
V| L =OV^ 
Rl • S- 0UJ =°° 
Rl : CV=100fi 
(N = 1~8) 
C L =15 p F 
(NoteD 






0.3 


uS 


tpi_H 


"L-H" output propagation time » 
(Input T to output Ojj 






10 


US 


tpHL 


"H-L" output propagation time 
(Input T to output 0 N ) 






2 


MS 


tpLH - 


"L-H" output propagation time 
(Input EN to output 0 N ) 






10 


MS 


tpHL 


"H-L" output propagation time 
(Input EN to output 0^) 








2 


/uS 



(Note 1) TEST CIRCUIT 



INPUT 

O 



PG 



50 CI J 



V CC 



ELEMENT 
UNDER TEST 



4r 



(VOLTAGE WAVEFORM) 



S-OUT 



2. 5V 



tpi.H 



Input waveform is taken as t r ^20ns and tf^20ns 
Rl C l includes wiring stray capacitance and probe input capacitance. 
o OUTPUT 



C L 



5V 



5V 



2.5V 



ft 2 - 5V 

tpLH 



2. 5V 



tpHL 



2. 5V 
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TYPICAL CHARACTERISTICS 

THERAL DREATING 




D 

o 



'0 25 50 75 100 

AMBIENT TEMPERATURE T a (°C) 



DUTY CYCLE VS 
PERMISSIBLE OUTPUT CURRENT 




100 



•T a =25°C 

• Repetition frequency >10Hz " 

• Number in O indicate the number, 
of output circuits that | I 
operate simultaneously — | — 

• Current values are per circuit. 



20 



40 



60 



80 



100 



DUTY CYCLE {%) 



DUTY CYCLE VS 
PERMISSIBLE OUTPUT CURRENT 




DUTY CYCLE (%) 
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DESCRIPTON 

The M54976P is a semiconducnductor integrated circuit 
fabricated using Bi-CMOS technology. It contains 8 output 
drivers of latch and bipolar structure. 

FEATURES 

• Enable input for output control 

• Low supply current l C c^10>A at standby 

• Input level is compatible with standard CMOS 

• Driver *. Withstand voltage BV CEO ^30 

Large drive current ('o(max) =300mA) 

• Wide operating temperature range Ta=— 20 — h75°C 

APPLICATION 

• Printer head dot driver 

• Relay, polenoid driver 

FUNCTIOAL DECRIPTION 

When data is applied to inputs IN1-IN8 and LATCH input is 
set to "H", the data will be latchedance with the truth table. 
Note that when an "H" signal is applied to the RESET input, 
the latch will maintain the reset state. 
When the EN input is set to "L" and the data maintained in 
the latch are "H", the corresponding output will be ON and 
become "L". 

When both the LATCH and RESET inputs are "L", the latch 
will maintain the prior state irrespective of input signals 
IN1-IN8. 



PIN CONFIGURATION (TOP VIEW) 
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TRUTH TABLE 
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L : "L" level 

H : "H" level 

X Irrelevant 

t-1 ". Previous state 

t : Present state 

Output H is in the OFF state 

Output L is in the ON state 



LOGIC DIAGRAM (1 CIRCUIT) 
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INPUT/OUTPUT EQUIVALENT CIRCUIT SCHEMATICS 
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ABSOLUTE MAXIMUM RATINGS (T a =-20°C-+75°C, unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


Vcc 


Supply voltage 




-0. 5 h8 


V 


v, 


Input voltage 




-0. 5~Vcc+0. 5 


V 


Vo 


Output voltage 


Output is OFF 


-0.5— h30 


V 


lo 


Output current 


Output is on 


350 


mA 


Pd 


Power dissipation 


T a =25°C 


1.42 


W 


Topr 


Operating temperature range 




-20 — h75 


°c 


Tstg 


Storage temperature range 




-55 — hi 25 


°c 



RECOMMENDED OPERATING CONDITIONS (T a =-20~+75°C, unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Limits 


Unit 


Min 


Typ 


Max 


Vcc 


Supply voltage 




4 


5 


6 




Vo 


Applied output voltage 


When output ]s OFF 






30 


-7- 


lo 


Output current (per circuit) 


Alloutputs ON simultaneously 
Duty cycle less than 25% 






300 


mA 



ELECTRICAL CHARACTERISTICS (T a =+25°C, V CC =5V ( unless otherwise noted) 



Symbol 


Parameter 


Pin 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


V, H 


"H" input voltage 


1-10 
22 


T a =-20 — h75°C 


0. 7V CC 




V C c 


V 


V,l 


"L" input voltage 


0 




0. 3V CC 


V 


R|N 


Input resistance 




50 






kn 


v OL1 


"L" output voltage 


13—20 


l 0L = 100mA 






1.2 


V 


V OL2 


l 0L = 200mA 






1.4 


V 


V 0 L3 


l OL =300mA 






1.6 


V 


'oLK 


Output leakage current 


13-20 


V o =30V 






50 


U A 


v F 


Clamp diode forward current 


13—20 


l F = 300mA 






2 


V 


>R 


Clamp diode reverse current 


V R =30V 






50 


juA 


'cci 


Supply current 


21 


All inputs are 0V, all outputs OFF 






10 


juA 


'CC2 


Output '. 1 circuit ON 






1.4 


mA 
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REQUIRED TIMING CONDITIONS (T a =-20~+75°C, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Mm 


Typ 


Max 


tw(L) 


Latch pulse width 




0.1 






MS 


tw(R) 


Reset pulse width 




0.1 






MS 


tsu 


Data setup time 




0 






MS 


th 


Data hold time 




0.1 






MS 



VOLTAGE WAVEFORM 



LATCH 



RESET 




50% 



■ 0V 




SWITCHING CHARACTERISTICS (i a =+25c v cc =5v) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Mm 


Typ 


Max 


tpi_H 


"L-H" output propagation time 
(Input LATCH to output On) 


V| H =5V 
V| L =0V 

R L =ioon 

C L =15pF 
(Note 1) 




(0.6) 


2 


/uS 


tpHL 


"H-L" output propagation time 
(Input LATCH to output On) 




(0.1) 


0.5 


MS 


tpi_H 


"L-H" output propagation time 
(Input EN to output On) 




(0.6) 


2 


MS 


tpHL 


"H-L" output propagation time 
(Input EN to output On) 




(0.1) 


0.5 


MS 


tpLH 


"L-H" output propagation time 
(Input RESET to output On) 




(0.6) 


2 


MS 



VOLTAGE WAVEFORM 

INn 



LATCH 



EN 



RESET 



On 



5V 




5V 



tpHL 



5V 



2. 5V 



2. 5V 



5V 



tpLH 
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(Note 1) TEST CIRCUIT 
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» Input waveform is taken as t r ^20ns and tf^20ns 

► C L includes wiring stray capacitance and probe input capacitance. 
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DESCRIPTION 

The M54977P is a semiconductor integrated circuit fabri- 
cated using Bi-CMOS technology. It contains a serial input 
to, serial/parallel output 12-bit shift register and latch as 
well as a bipolar 12-bit parallel-output driver. 

FEATURES 

• Serial input to serial/parallel output 

• Cascade connections possible through serial output 

• Latch circuit included for each stage 

• Enable input for output control 

• Low supply current l C c^ 1 0^A at standby 

• Serial input/output level is compatible with standard 
CMOS 

• Driver : Withstand voltage BV CEO ^30 

Large drive current (l Q ( max) = 200mA) 

• Wide operating temperature range - • T a =— 20 — h75°C 

APPLICATION 

• Thermal printer head dot driver 

• Serial-to parallel conversion 

• Relay, solenoid driver 

FUNCTION DESCRIPTION 

The M54977P consists of an 12-bit D-type flip-flop, the out- 
put of which is connected to 12 latches. 
When data is applied to the serial data input (S-IN) and a 
clock pulse is applied to clock input (T) , an "L" to "H" 
change of the clock will cause the data input signals to en- 



PIN CONFIGURATION (TOP VIEW) 



CLOCK INPUT T-»|T 
SERIAL INPUT S-IN -» |T 
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Vcc U 
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PARALLEL 
OUTPUTS 



Outline 20P4 



ter the internal shift registers and the data in the shift regis- 
ters will be shifted in order. 

Using a number of M54977P units for bit expansion in 
series will entail connecting serial output (S-OUT) to S-IN 
of the next-stage M54977P. 

In parallel output, when the latch input is set to "H" and the 
output-control input (enable input EN) is "L", a clock pulse 
changing from "L" to "H" will cause the serial data input 
signal to appear at output 01, and the data will be shifted in 
order at outputs 02~01~2. 
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The parallel output will yield a signal that is inverted with 
respect to the serial data input. 

Setting the LATCH input to "L" will prevent data from enter- 
ing the latch. 

When the EN input is set to "H", all outputs (0?~012) will 
be set to OFF. Since the internal logic state of the IC is un- 
certain at power-on time, set the EN input to "H" (and out- 



puts 0?~012 will set to OFF) until the input data is set 
and the internal logic state has been determined. 
L-GND is the ground of the CMOS logic circuit section and 
P-GND is the ground for the output driver section (01 ~~ 
01 2), which is made up of bipolar transistors that are cap- 
able of driving large currents. 



TIMING CHART 




*The stage of the shaded areas is uncertain. 
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INPUT/OUTPUT CIRCUIT SCHEMATICS 
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(EN, LATCH) 



-WV- 



L-GND 



id 



u 



L-GND 



3 I SERIAL OUTPUT 

(S-OUT) 



4 I PARAI I El. OUTPUT 

(oT~o~T2) 



1»5kfl 




-rO 



P-GND 
L-GND 1 



A MITSUBISHI 
ELECTRIC 



10-101 



MITSUBISHI BIPOLAR DIGITAL ICs 

M54977P 



BI-CMOS 12-BIT SERIAL-INPUT, LATCHED DRIVER 



ABSOLUTE MAXIMUM RATING (T a =-20~+75 o C, unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


Vcc 


Supply voltage 




-0. 5 — h8 


V 


v. 


Input voltage 




-0. 5~V cc +0. 5 


V 


V 0 


Output voltage 


S-OUT 


-0.5~V cc +0.5 


V 


01~012 : Output is OFF 


-0. 5 — h30 


'o 


Output Current 


OT~08 : Output is ON 


250 


mA 


Pd 


Power dissipation 


T a =25°C 


1.25 


W 


Topr 


Operating temperature 




-20-+75 


°C 


Tstg 


Storage temperature range 




-55 — I- 125 


°C 



RECOMMENDED OPERATING CONDITIONS (T a =-20~+75°C unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Limits 


Unit 


Mm 


Typ 


Max 


Vcc 


Supply voltage 




4 


5 


6 


V 


V 0 


Applied output voltage 


01~012 : When output is OFF 






30 


V 


lo 


Output current (per circuit) 


All outputs ON simultaneously 
Duty cycle less than 20% 






200 


mA 



ELECTRICAL CHARACTERISTICS (T a =+25°C, V CC =5V, unless otherwise noted) 



Symbol 


Parameter 


Pin 


Conditions 


Limits 


Unit 


Mm 


Typ 


Max 


V 1H 


"H" input voltage 


1,2 
6,7 


T a =-20~+75°C 


0. 7V CC 




Vcc 


V 


V IL 


"L" input voltage 


0 




0. 3V CC 


V 


R|N 


input resistance 




50 






kn 


VqH 


"H" output voltage 


5 


I l 0 I 


4.9 






V 


Vol 


"L" output voltage 






0. 1 


V 


•oh 


"H" output current 


5 


V 0 h=4. 5V 


-100 






juA 


l0L 


"L" output current 


V OL =0. 4V 


400 






juA 


VoL1 


"L" output voltage 


8,9 
11-20 


l 0L = 100mA 






1.2 


V 


V OL2 


l O L=200mA 






1.4 


V 


'OLK 


Output leakage current 


V o =30V 






50 


MA 


'cci 


Supply current 


4 


Inputs free, all driver outputs OFF 






10 


ma 


'CC2 


Driver output : 1 circuit ON 






1.25 


mA 
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REQUIRED TIMING CONDITIONS (T a =-20~+75°C, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Mm 


Typ 


Max 


f(T) 


Clock frequency 


Input duty cycle 40~60% 






2 


MHz 


tw(T) 


Clock pulse width 




200 






nS 


tw(i) 


Latch pulse width 




200 






nS 


tsu 


Data setup time 




100 






nS 


th 


Data hola time 




100 






nS 


td(T-L) 


Clock-latch time 




400 






nS 


*r(T) 


Clock pulse rise time 








500 


nS 


tf(T) 


Clock pulse fall time 








500 


nS 



VOLTAGE WAVEFORM 

DATA INPUT S-IN 



v V"~ 

j)f2.5V ¥2.5V 



CLOCK INPUT T 



-/2.5V -V2.5V / 

/ \ !£*/ 



tw(T) 



tr(T) 




td(T-L) 



LATCH INPUT LATCH 



j^l*N ^2. 5V 



tw(L) 



SWITCHING CHARACTERISTICS (T a =+25c v cc =5v) 



Symbol 


Parameter 


Conditions 


Limits 


Unit 


Mm 


Typ 


Max 


tpLH 


"L-H" output propagation time 
(Input T to output S-OUT) 






(0.15) 


0.3 


MS 


tpHL 


"H-L" output propagation time 
(Input T to output S-OUT) 


V IH =5V 
V, L =0V 
Rl : S-out = °° 

Ri_ : c>i=ioon 

(N = 1~8) 
C L =15 p F 
(NoteD 




(0.15) 


0.3 


MS 


Vlh 


"L-H" output propagation time 
(Input T to output On) 




( 2) 


10 


mS 


tpHL 


"H-L" output propagation time 
(Input T to output O n ) 




( 0.5) 


2 


MS 


tpLH 


"L— H" output propagation time 
(Input EN to output 0 N ) 




( 2) 


10 


MS 


tpHL 


"H-L" output propagation time 
(Input EN to output 0 N ) 






( 0.5) 


2 


MS 



VOLTAGE 



S-OUT 



EN 



WAVEFORM 

T ft 2.5V 



V 



/IT, y 



tpLH 



2. 5V 



tpLH 



0 N 



X 



2. 5V 



tpHL 



2. 5V 



2. 5V 

tpLH 



2. 5V 



2. 5V 



■2. 5V 
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(Note 1) TEST CIRCUIT 
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• Input waveform is taken as t r ^20ns and tf^20ns 
C L includes wiring stray capacitance and probe input capacitance. 



TYPICAL CHARACTERISTICS 

THERAL DREATING 
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DUTY CYCLE VS PERMISSIBLE 
OUTPUT CURRENT 
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DESCRIPTION 

The M50800-XXXSP/M50802-XXXP, are single chip CMOS 
PARCOR speech synthesizers and contain a speech data, 
ROM, a clock generator, a D-A converter and a speaker 
drive circuit. 

The differences among the M50800-XXXSP/M50802-XXXP 
are shown in the following table. The M50800-XXXSP will 
be discussed below. 



Type 


Number of 
words selection 


Outline 


M50800-XXXSP 


64 (max) 


28-pin, plastic 

DIP (LEAD PITCH 1.78mm) 


M50802-XXXP 


32 (max) 


24-pin, plastic, 
DIP flat 



FEATURES 

• Speech synthesis time 20 seconds (max) 

• Number of words selection 64 words ( max) 

• Melody generation possible 70 seconds (max) 

• Built-in speaker drive circuit 

• Built-in D-A converter ± 7-bits PWM method 

• Low power dissipation due to CMOS process 

Supply current in operating 2mA (max) 

in stand-by 10/* A (max) 

• Built-in clock generator 

APPLICATION 

• Home appliances 

• Teaching aid 

• Watches, cameras, desk-top calculators 

• Alarms 



PIN CONFIGURATION (TOP VIEW) 
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INPUT EXRM ~tL 
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(5V)V CC Q* 
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jU— dg 
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I 1 OUTPUT 



H}-* DA, 
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•A OUTPUTS 



Outline 28P4B 



PIN CONFIGURATION (TOP VIEW) 



ROM SWITCH 

INPUT EXRM 
TEST PINS T, « 

DATA INPUT DTIN - 
DATA , 



DREQ «- 



( ^ 
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TEST PINS 
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OSCILLATOR J X out " 
INPUT/OUTPUT 1 v 
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(5V)V CC 
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— T77I rx» f D-A OUTPUTS 
H4l -» DA, J 

"Tl3l Vss(OV) 



Outline 24P2W 



A MITSUBISHI 
ELECTRIC 



10-105 



MITSUBISHI LSIs 

M50800-XXXSP/M50802-XXXP 

SINGLE-CHIP CMOS SPEECH SYNTHESIZER 



BLOCK DIAGRAM 

M50800-XXXSP 
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32K BITS 




M50802-XXXP 
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10-106 



A MITSUBISHI 
ELECTRIC 



MITSUBISHI L-Sls 

M50800-XXXSP/M50802-XXXP 



SINGLE-CHIP CMOS SPEECH SYNTHESIZER 



PIN DESCRIPTION 



Pin 


Name 


Input 

or 
Output 


Pull-down 
resistor 
Yes/No 


Function 


D 0 ~D 5 


Word select input 


Input 


Option 


In the keyboard input mode, when any of D 0 ~D 5 are set to high, speech synthesis be- 
gins A maximum of 63 words can be designated 

When using microcomputer control, a maximum of 64 word addresses can be set. 


SYNC 


Sync signal 


Input 




When using microcomputer control, the SYNC signal initiates D 0 ~Ds address read, start- 
ing speech synthesis. 


MODE 


Mode switch 


Input 


Yes 


Selects microcomputer or keyboard control modes 


BUSY 


Busy signal 


Output 




High during speech synthesis and RESET processes 


FR 0 
FRi 


Frame period select 


Input 




Used to select frame length (7.5, 10, 15 or 20ms) 


CONT 


Parameter 
continuous signal 


Input 


Yes 


In the melody mode, tone production continues while with the CONT pin low and discon- 
tinues when it is set to high 


RESET 


Reset input 


Input 




Clears internal registers and mutes D/A converter at power on 


CE 


\ 

Chip enable 


Input 




When set to low disconnects chip power (stand-by mode), when set to high connects 
chip power (operation mode") 


DA 0 
DAi 


D/A output 


Output 




±7 bit PWM speech signal output 


X|N 
XoUT 


Oscillator 


Input 
Output 




Terminals for connecting ceramic resonator 


4> 


Clock output 


Output 




200kHz clock output signal 


EXRM 


Internal/external 
ROM select input 


Input 




ROM select input When high, external ROM is used 


DTIN 


Data input 


Input 




Used for speech data input from external ROM 


DREQ 


Data request 


Output 




Data request signal for external ROM 


DGO 


Digital output 


Output 




The digital speech signal output 


Ti~T 3 


Test pins 


Input/Output 




During operation, T, is open and set T 2 and T 3 are set low 



BASIC FUNCTION BLOCKS 
Parameter ROM 

A 4096 word X 8 bits constructed mask ROM, it stores 
speech parameters. 

There is enough memory storage for about 20 seconds of 
voice and sound effects and in the case of melody about 70 
seconds. Voice, sound effects and melody can be stored 
together. In this case each length of time can be calculated 
by the following diagram. 




10 20 30 40 50 60 70 
LENGTH OF MELODY (SECONDS) 



Parameter RAM 

This has 52bits capacity for temporary storage of one frame 
of speech parameters (amplitude, pitch, and K- 
parameters) 

Decoding ROM 

Decodes the speech parameters that had been coded by 
the parameter RAM. It has 328 words X 10 bits construction. 

Interpolation Circuit 

Provides a linear interpolation of K-parameters, pitch and 
amplitude every 2.5ms. 

Exitation Circuit 

Having both a pulse generator and a white noise generator, 
it generates voiced and unvoiced sounds. 
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Parameter Register 

A register used to temporarily store data which has been 
linearly interpolated. 

Digital Filter 

It is a 14 bit 10 stage lattice digital filter. 

Control Circuit 

According to the external input, it controls LSI operation. 

Mode Select 

Depending on mode select signal MODE and internal/ex- 
ternal ROM switch signal EXRM, three kinds of mode may 
be selected as shown in the following diagram. 



Timing Requirements 



Mode 


MODE 


EXRM 


Use 


Key input mode 


H 


L 


Suitable for use when not edit- 
ing phrases is necessary. 


Microcomputer 
control mode 


L 


L 


Suitable for use when the edit- 
ing of phrases is necessary 


External 
memory mode 


L 


H 


For use when an external 
memory such as EPROM and 
RAM is used. 



•Connect with V S s- 



Pin Conditions of Key Input Mode 

(1) MODE pin Connect with V cc - 

(2) SYNC pin Connect with V ss . 

(3) T 2 ,T 3 pins 
EXRM pin 
DTIN pin 

(4) Pins D 0 ~D 5 When any of these pins are set 

(word selection inputs) high speech synthesis begins 

automatically. 

(5) Input/output timing chart 



D 0 -D. 



BUSY 




DAo 



nun 

TIE 



V S! 

-V C ( 



Symbol 


Parameter 


Min 


Max 


Unit 


to 


Key debounce 
protection time 


5 




, ms 


th 


Data hold time 


30 




ms 


tBUSY 


Busy output delay 


25 


50 


ms 


t D A, 


Speech output delay 


70 




ms 



fosc = 4. 8MHz 

Application Example in the Key Input 
Mode 



Vss 



Vac 



30pF 

"1 

B4.8MHZ 

30pF| 

— I hi 



r 1 ^ 



Vcc V s « 



CONT 

Do 

Di 

D 2 

D 3 

D 4 

D 5 

SYNC 
BUSY 

MODE 

FR 0 

FR, 

X|N 
XquT 



CE 



i 

i 

X 
X 
X 



RESET 



T s 
T : 

EXRM 
DTIN 

DREQ 
DGO 
T, 



DA 0 
DA, 



0.1/^F 



AMPLIFIER 
FILTER 
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Pin Conditions of Microcomputer 
Control Mode 

(1) MODE Open (Pull-down resistance) 

42) T 2 , T 3 pins | 

EXRM pin | Connect with V ss . 

DTIN pin J 

(3) D 0 ~D 5 pins Select 64 kinds of words. 

(4) SYNC pin Data of D 0 - D 5 is latched and 

speech generation is commenced in 
the "High-level" at more than 15/us. If 
the power supply or CE input is 
switched on for the next speech out- 
put, it is necessary to delay the 
SYNC input a minimum of 400/iS af- 
ter the BUSY output goes low. 



Application Example in the Microcomputer 
Control Mode 



D 
Q. 

5 

O 

o 
o 

<r 
O 
2 



M50760-XXXP 



30pF 
t-T 



30pf 
HI— I— 



4.8MHz 



r 



CE 
CONT 
D 0 
D, 
D 2 
D 3 
D 4 
D 5 

SYNC 
BUSY 

MODE 

FR 0 



FRi 



V cc V ss 



Xqu 



RESET 



T 2 
T 3 
EXRM 
DTIN 

DREQ 
DGO 
T, 



DAo 
DA, 



0.1 mF 

— Ihf 



AMPLIFIER 
FILTER 



(5) Input/Output timing chart 



RESET 



BUSY 




SYNC 



t 



tsu t n 



± 



t B S2 



tBUSY 



± 



D 0 ~D 5 



DAo 



DA, 



t D A 



mnnnr 
— ur^- 



mniir" 



Timing Requirements 



Symbol 


Parameter 


Min 


Max 


Unit 


Notes 


tRES 


Reset time 


5 




ms 




tsu 


Data set up time 


0 




MS 




th 


Data hold time 


25 




MS 




tw(SYNC) 


SYNC pulse width 


15 




MS 




tBsn 


SYNC pulse output delay 


400 




MS 


After the power supply or CE input is switched. 


t B S2 


0 




MS 


Except above condition. 


tBUSY 


BUSY output delay 


10 


20 


MS 




tDA 


Speech output delay 


40 


60 


ms 





Note : Designate the single voice generation as a mask option, when the LSI is used in the microcomputer control mode. 
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Pin Conditions of External Memory 
Mode 

1. MODE pin Open (microcomputer mode) 

2. EXRM pin Connect with V cc - 

3 . Word select Open D 0 ~D 5 and word select is per- 

pin formed by setting th$ first address to 

the external address counter. 

4 . SYNC pin Generates speech . in the "High- 

level". 

5. DTIN pin Receives serial data from external 

ROM. 

6 . DREQ pin Output read pulse of external ROM 

data. 



7 . Timing chart 



ao~an 



X I X 



LOAD 



tsu 



SYNC 



Timing Requirement 



Symbol 


Parameter 


Min 


Max 


Unit 


tsu 


Data set up time 


1 




MS 


tDH 


Data hold time 


2 




us 


twu 


LOAD pulse width 


1 




u. 


ts 


LOAD SYNC pulse interval 


0 


1 


MS 


tws 


SYNC pulse width 


15 




MS 



Application Example in the External Memory Mode 

V ss V cc 



I 
O 

CO 



2 

O 
O 
O 
tr 
o 
2 



A„ 



Aio 



A 9 



Ae 



{9 far 



M4516BP 



7JT0 



M4516BP 



A3 


3 


A 2 


13 


Ai 


12 


Ao 


4 


LOAD 





1L 



5 f 15 



M4516BP 



M4069 

UBP 



5 '15 



M4022BP 



SYNC 



3^14 



21 



M5L2732K 



22 



A„ 






Aio 






A 9 


9 


7 


Ae 


10 


6 




11 


5 




13 


4 


A 7 


14 


13 


Ae 


15 


14 


A 5 


16 


15 


A« 


17 L 


A 3 






A 2 






A, 






Ao 

CE OE 







20 



Vcc V ss 



M4021BP 



1 




0. 1//F 



V CC V S ; 

DTIN 



DREQ 



EXRM 



X, N 



RESET 



CE 



DAo 

DA, 



SYNC 



-V cc 



CD 

_J_i 



4.8MHz 



30pF 
30pF 



7TT 




AMPLIFIER 
FILTER 
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INPUT/OUTPUT PINS 



Chip Enable Pin (CE) 



Function 



When input is low-level, internal power supply is turned off and de- 
vice enters stand-by condition Under this stand-by mode, D 0 ~D 5 
are high impedance, and BUSY, DA 0 , and DAi are high. 



When input is high-level internal power supply is turned on. At this 
time a reset signal is automatically generated and device enters 
power-on-initialization sequence. 



Reset Pin (RESET) 

The reset pin must become low-level in more than 5ms af- 
ter power has been applied and the supply voltage has 
reached 90%. 



Busy Pin (BUSY) 

The output of this pin becomes high-level during each of 
following. Voice generation, power-on-initialization and 
stand-by. If the BUSY singnal is high-level, the voice gen- 
eration start signal has no effect. 

D-A Output Pin (DA 0 , DA^ 

D-A output is PWM (pulse width modulation) and outputted 
from pin DA 0 when positive and pin DAi when negative. 



DAo 



rvt w 

i i i 



DAl SPEECH BEGINNING 





MORE THAN 5ms 
Ctyp = 0.1-0. 47// F 



T : SAMPLING PERIOD 100//S (Typ) 

t w : MINIMUM PULSE WIDTH 830ns (Typ) f OSC = 4 8MHz 

Frame Period Select (fr 0 , fr, -msosoo-xxxsp) 

( FR M50802-XXXP) 

M50800-XXXSP 



FR 0 


FRi 


Frame length 


Bit rate b/s (Note 1) • 


H 


H 


20ms 


2650(Max.) 


L 


H 


15ms 


3533(Max.) 


L 


L 


10ms 


5300(Max.) { 


H 


L 


7. 5ms 


7067 (Max ) 



M50802-XXXP 



FR 


Frame length 


Bit rate b/s (Note 1) 


H 


20ms 


2650 (Max ) 


L 


10ms 


5300(Max.) , 



Note 1 : Where W = 4. 8MHz 

The standard frame length is 20ms. 

Speech speed depends on frame length. For example 
when frame length is set to 15ms in analysis and frame 
period select is set to 20ms in synthesis, speech speed is 
33% slow. When frame period select is set to 10ms, 33% 
fast. 
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Clock Generator 

The device contains a clock generator which can generate 
a clock signal when a ceramic resonator is connected ex- 
ternally between the clock output and input pins (X| N , 
X 0 ut)- 

When a clock signal from an external source is being used, 
connect the source of the clock oscillator to pin X| N and 
open pin X 0 ut- 

Circuit examples are given below. 




CERAMIC RESONATOR 
CSA 4.80MT (MURATA CORPORATION) 

C, N : 30pF 
Cqut : 30pF 



M50800-XXXSP 

Xin Xout 



OPEN 



EXTERNAL SIGNAL 



Externally connected ceramic resonator circuit 



External clock input circuit 



Mask Option 

The following mask options are available, specifiable at the 
time of ordering maskings. 

(1) Continuous/Single voice generation selecting speci- 
fication. This option is available when the LSI is used 
only in key input mode. The single voice generation as 
a mask option must be designated when the LSI is 
used in the microcomputer control mode. 

Continuous voice generation : 
Voice generation continues as long as D 0 ~D 5 is 
kept continuously high-level in the key input mode. 

Single voice generation '. 
Voice generation occurs only once even if D 0 ~-D 5 
is kept continuously high-level in the key input 
mode or SYNC is kept continuously high-level in 
the microcomputer control mode. To generate the 
voice again it is necessary to return either the D 0 ~ 
D 5 or the SYNC to low-level one time and then to 
high-level again. 

(2) Specifications concerning the inclusion or exclusion of 
pull-down resistors for the word select input pins D 0 ~~ 
D 5 



10-112 



A MITSUBISHI 
ELECTRIC 



MITSUBISHI LSIs 

M50800-XXXSP/M50802-XXXP 

SINGLE-CHIP CMOS SPEECH SYNTHESIZER 



ELECTRICAL CHARACTERISTICS OF THE M50800-XXXSP/M50802-XXXP 
ABSOLUTE MAXIMUM RATINGS 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


V cc 


Supply voltage 


With respect to the V S s pin 


-0. 3-7 


V 


v, 


Input voltage 


-0. 3—7 


V 


Pd 


Maximum power dissipation 


T a = 25°C 


150 


mW 


T opr 


Operating temperature 




-10—70 


°C 


Tstg 


Storage temperature 




-40-125 


°C 



RECOMMENDED OPERATING CONDITIONS (T a = -10~70C, unless otherwise noted) 



Symbol 


Parameter 


Limits 


Unit 


Min 


Typ 


Max 


Vcc 


Supply voltage 


2.4 


5 


5.5 


V 


V ss 


Supply voltage 


0 


0 


0 


V 


fosc 


Oscillation frequency 




4.8 




MHz 



ELECTRICAL CHARACTERISTICS (T a = -1 0~70°C , f = 4. 75-4. 85MHz, V cc = 4. 5-5. 5V, unless otherwise noted) 



• Symbol 


Parameter 


Conditions 


Limits 


Unit 


Min 


Typ 


Max 


Voh 


High-level output voltage 


Ioh = 0.1mA 


Vcc-0. 8 






V 


Vol 


Low-level output voltage 


Iol = 0. 4mA 






0.8 


V 


'oh 


High-level output current 


DAo, DAl Voh = Vcc-0. 4V 


1 






mA 


•OL 


Low-level output current 


DA 0 , DAi, Vol -0.4V 


1.6 






mA 


'da 


D/A output current 


Resistor between DAo and DA! 10fl at V C c = 5V 




40 




mA 


'oc 


Supply current (in operation) 


Unloaded input/ output 






2 


mA 


'sc 


Supply current (stand-by) 


Unloaded input/output 






10 


//A 


IlL 


Input leak current 


V, = 0~V CC 






± 1 


M A 


R. 


Pull-down resistor 


V, = V cc 




100 




kfl 


V, H 


High-level input voltage 




Vcc-1 




Vcc 


V 


V, L 


Low-level input voltage 




0 




1 


V 
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Example of Speaker Driving Circuits 

(a) Direct drive 

Maximum output power=10mW typ. (Vcct^V) 




(b) Using an amplifier 

Maximum output power=20mW typ. (V CC =5V) 




Maximum output power=500mW typ. (VCC—5V) 
With volume control 



470 n 



M50800-XXXSP 



»cc . 

1 



[ 470// F 



2SA695X4 



SPEAKER 
HIGH gfi 
OUTPUT , 



470 n 
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(c) Filter amplifier circuit 
(1 ) Operational amplifier used as a filter amplifier circuit 
Maximum output power=200mW typ. (Vcc = 5V) 



2SA1115 



MC302 



220/iF 




777 

M5218L (1/2) 



777 777 777 
M5218L (2/2) 



(2) L device used as a filter amplifier circuit 

Maximum output power=200mW typ. (V CC =5V) 




2SA1115 



BL-30RJ 



MC302 



5ion 



r—^rrr — , ! 510n 
i — onrr>— H w . 



soonf- 



3f 



0.022//FZI == == 

0.047//F 



0.068^F 



777 777 



220/.F 



~lJl47,uF 



47 M ?m 470pF ^p 0mA7flF 

J^oon 



100/uF 



SP 

8H 



777 777 
M51501L 

BL-30RJ : Made by KOURINGIKEN CORPORATION 
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METHOD OF ORDERING SPEECH 
ANALYSIS AND MASK ROM 

Steps Taken in Ordering 

(1 ) Decisions concerning specifications 

Decide the specifications concerning the content of the 
speech, the language, the speaker.etc. 

(2) Ordering 

When ordering, ensure that the necessary information 
has been entered in both the speech Analysis Request 
Form and Speech List. Be sure to also include the 
musical score if a melody is necessary. 

(3) Recording 

A recording of the original speech is made in a studio 
using an experienced narrator. Attendance is permitted 
for either confirmation or giving speech instructions. 

(4) Analysis 

Speech parameters of the voice are analized through 
use of a voice analysis system centered on a MELCOM 
70/40 minicomputer in the Mitsubishi Speech Center. 
The data is written on a EPROM, and along with the 
Analysis Approval Form and Masking Approval Form is 
forwarded the customer. 

(5) Sound evaluation 

The delivered EPROM is inserted in either Mitsubishi's 
voice evaluation board or a similar device and the 
quality of the synthesized speech is confirmed. If the 
quality is found to be acceptable, the Analysis Approval 
Form and the Masking Approval Form are to be signed 
and returned to Mitsubishi. 

(6) Mask production 

A MASK ROM is produced from the EPROM data. An 
ES sample for the confirmation of electrical character- 
istics is sent along with an ES. Approval Form to the 
customer. 

(7) Sample evaluation 

If results of ES sample evaluation prove to be accept- 
able the ES Approval Form is to be signed and re- 
turned to Mitsubishi. 

(8) CS sample production 

This is a sample having the same characteristics as the 
mass produced device. 

(9) Mass production 

After production of the CS sample mass production is 
begun. 
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ORDERING FLOW CHART 



^CUSTOMERJ 



(MITSUBISHI^ 



SIGNATURE 




ANALYSIS 
APPROVAL 
SIGNATURE I V^FORM 
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MITSUBISHI SPEECH SYNTHESIZER LSI 

M50800-XXXSP 
M50802-XXXP 

SPEECH ANALYSIS REQUEST FORM 



Customer 




Signature 






Company name 




Prepared 


Company address 


Tel 






Company contact 


Data 


Approved 







1 . Specifications 
Recording 

( necessary/unnecessary) 



Analysis 

(necessary/unnecessary) 



Language 



Sex 



Sampling frequency 
Frame period 
Length of speech 
Length of melody 



KHz (10KHzTYP) 



ms (20msTYP) 



seconds 



seconds 



' Voice evaluation board (necessary/unnecessary) 



Mask 

(necessary/unnecessary) 



2. Schedule 

Dislred date 

(month/day) 



Recording -*• Analysis completion Analysis and masking approval 

( / ) ( / ) ( / ) 

EPROM 

1 set 



ES 

( /■ ) 



unit(s) 



CS - 

( / ) 

unit(s) 



MP 

( / ) 



Lot 



unit(s) 
/month 



unit(s) 



Mitsubishi Entry Column 



Parameter 


Type 


Order number 


Amount 


Cost 


Order date 


Completion date 


Transfer of 
money 


Recording 


VOICE-SOFT 


00-38- 












Analysis 


VOICE-SOFT 


00-38- 












Voice evaluation 
board 


VOICE-SOFT 


00-38- 












Mask 


VOICE-MASK 















Notes 
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M50800-XXXSP 

M50802-XXXP SPEECH LIST 



Mask ROM number 



No. 


Address 


Speech content 


D5 


D4 


D3 


D2 


D1 


DO 
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DESCRIPTION 

The M50805-XXXP, FP/M50806-XXXP, FP, are single chip 
C-MOS PARCOR speech synthesizers and contain a speech 
data, ROM, a clock generator, a D-A converter and a 
speaker drive circuit. 

The differences among the M50805-XXXP, FP/M50806- 
XXXP, FP are shown in the following table. The M50805- 
XXXP will be discussed below. 



Type 


Operating supply 
voltage range 


Outline 


M50805-XXXP 


Vcc = 3.0~5.5V 


22 pin, plastic DIP 


M50805-XXXFP 


V C c = 3-0~5.5V 


24 pin, plastic DIP 


M50806-XXXP 


V C c^2."l~3.5V 


22 pin, plastic DIP 


M50806-XXXFP 


V C C = 2.1~3.SV 


24 pin, plastic DIP 



FEATURES 

• Speech synthsis time 5 seconds (max) 

• Number of words selection 8 (max) 

• Melody generation possible 20 seconds (max) 

• Automatic power down function 

• Built-in speaker drive circuit 

• Built-in D-A converter ±6 bits PWM method 

• Low power dissipation due to C-MOS process 

Supply current in operating . . . 2mA (max) 
in standby .... 10juA (max) 

• Built-in clock generator 

APPLICATION 

• Home appliances 

• Toys 

• Watches, cameras, desk-top calculators 

• Alarms 



PIN CONFIGURATION (TOP VIEW) 




REQUEST DREQ/JESJ ^£ 
MODE fMSi -*[][ 



SELECT 

SIGNAL | MSq ^Q- 

CLOCK OUTPUT X 0 UT«-[T 
CLOCK INPUT X|N-*(T 

CHIP ENABLE CE —►[? 

RESET |— 
INPUT RESET — *Q0 

(Note 1) (5V)V C c [n 



X 
X 
X 



2<j) 

3 

1 

3 

m 



N.C 
NC. 
N.C. 



— Do 1 



WORD SELECT 
INPUT 



WORD SELECT 
INPUT/DATA 



- DyDTiN 1WUT 

► BUSY BUSY SIGNAL 



• SYNC SYNC SIGNAL 
► DAi 
►DA 0 
Vss(OV) 



D-A 

OUTPUT 



Outline 22P4(M50805-XXXP) 
(M50806-XXXP) 

Note 1 For M50806-XXXP, FP the value is 3V 



DATA 



N C 

N C 

N C 

N C 



REQUEST 
/TEST DREO/TEST* 

MODE (MS,- 
SELECT 

SIGNAL [MS 0 - 

CLOCK w ♦ 
OUTPUT AouT 

CLOCK x, N - 
INPUT IN 



CHIP ENABLE CE 
?NPUT RES ^T 
(Note 1)(5V) Vcc 




N C 

N C 

N C 

~°"o ) WORD 

SELECT INPUT 

-Dl I 

WORD SELECT 

-d7/dtin input/data 

U2/U ' INPUT 

* BUSY BUSY 

SIGNAL 
-SYNC SYNC 

SIGNAL 

* 4> CLOCK OUTPUT 

* DAl 1 D-A 
. DAo f OUTPUT 

Vss(OV) 



Outline 24P2W (M50805-XXXFP) 
(M50806-XXXFP) 

NC NO CONNECTION 
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BLOCK DIAGRAM 



M50805-XXXP/M50806-XXXP 




M50805-XXXFP/M50806-XXXFP 



{W RESET 
©DREO/TEST 

til) Di/DTIN 




(11) RESET 
0DREQ/TEST 

^Di/DTIN 
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PIN DESCRIPTION 







Input 

or 
output 


Pull-up resistor 
Yes/No 


Function 


Vcc 


Supply voltage input 


Input 




Positive voltage supply pin 


Vss 


Supply voltage input 


Input 




Ground pin 


MS 0 , MSi 


Mode select signal 


Input 




Depending on the MS 0 , MS| signal there are 4 modes that may be 
selected, key input mode, microcomputer control mode, external 
memory mode and test mode 


Do, 57 


Word select input 




Option 


When in the key input mode, voice generation begins whenever 
D 0 , Di , or D 2 becomes low-state 
A maximum of 7 words may be designated 
When in the microcomputer control mode, a maximum of ad- 
dresses for 8 words may be designated with Do , Di , D2 
When in the external memory mode, speech parameters are 
inputted via DTIN 


Di/DTIN 


Word select input/data input 


SYNC 


Synchronous signal 


Input 


Option 


When in microcomputer control mode, the SYNC signal initiates 

D 0 ~ D 2 address read, starting voice generation 

When in external memory mode, voice generation is started 


BUSY 


Busy signal 


Output 




Output signal pin for indicating that voice generation is in progress 


CE 


Chip enable 


Input 




When the pin CE is high-level, the internal power supply is off 
and, when low-level, the internal power supply is on 


DAq, DAi 


D-A output 


Output 




±6 bit PWM output 




Clock input 


Input 




These pins are for connection to a ceramic resonator for the 
clock generator, or they can be connected to an external resist 
ance R for CR clock generation When using an external clock 
input, connect the oscillator source to X|n pin and open Xqut 


*OUT 


Clock output 


Output 


DREO/TEST 


Data request/test 


Output 




This is the data request signal output pin for external memory 
During test mode this is the test output pin 


RESET 


Reset input 


Input 


Yes 


When power input is first applied the internal reqisters are cleared 
and D-A output is muted 


/M50805-XXXFP\ 
* Im50806-XXXFP/ 


Clock output 


Output 




160kHz clock output pin 



Parameter RAM 

This has 46 bit capacity for temporary storage of one 
frame of speech parameters (amplitude, pitch, and K- 
parameters) 
Decoding ROM 

Decodes the speech parameters that had been coded by 
the parameter RAM. It has 312 word x 8 bit construc- 
tion. 

Interpolation Circuit 

Provides a linear interpolation of K-parameters, pitch 
and amplitude every 2.5ms. 

Exitation Circuit 

Having both a pulse generator and a white noise gene- 
rator, it generates voiced and unvoiced sounds. 

Parameter Register 

A register used to temporarily store data which has 
been linearly interpolated. 

Digital Filter 

It is a 12 bit 8 stage lattice digital filter. 



BASIC FUNCTION BLOCKS 
Parameter ROM 

A 960 word x 8 bit constructed mask ROM, it stores 
speech parameters. , 

There is enough memory storage for about 5 seconds of 
voice and sound effects and in the case of melody about 20 
seconds. Voice, sound effects and melody can be stored 
together. In this case each length of time can be calculated 
by the following diagram. 




LENGTH OF MELODY (SECONDS) 
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Control Circuit 

According to the external input, it controls LSI opera- 
tion. 

Mode Select Signal MS 0 , MSj 

Depending on MS 0 , and MSi, four kinds of mode may 
be selected as shown in the following diagram. 



Mode 


MS 0 


MSi 


Use 


Key input mode 


H 


L 


Suitable for use when not editing 
phrases is necessary 


Microcomputer control 
mode 


L 


L 


Suitable for use when the editing 
of phrases is necessary 


External memory mode 


L 


H 


For use when an external memory 
such as EPROM and RAM is used 


Test mode 


H 


H 


For test purposes 



(1) Key Input Mode 

Pin conditions 

• Mode select signal pins MS 0 is connected to V cc 

and MSi to V ss . 

• SYNC pin connects to V cc . 

• CE pin connects to V S s- 

• D 0 ~ D 2 pins .... when any of these pins is low-level, 

speech generation begins automati- 
cally. Seven kinds of phases may be 
selected. 



Input/output timing chart 

uwn_ 



D 0 ~l5i 



BUSY 



D-A 

OUTPUT 



t BUSY 



tDA 



innnr 



Vcc — 



220 pF 
220 pF 



77T 



Vcc 

Do 

Di/DTIN 



Vss 



MS 0 
MS 



SYNC 
X OUT 



RESET 
CE 

BUSY 
DREQ/TEST 



DA 0 



-Vcc 



0.01/iF 



AMPLIFIER 
FILTER 



M50805-XXXP 



Symbol 


Parameter 


Mm 


Typ 


Max 


Unit 


tc 


Key debounce protection time 


5 






ms 


th 


Data hold time 


50 






ms 


t BUSY 


BUSY output delay 


50 






ms 


tDA 


Speech output delay 


100 






ms 
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(2) Microcomputer Control Mode 

Pin conditions 

• Mode select signal pins . . . Both MS 0 and MSi are con- 

nected to V ss . 

• SYNC signal .... When it becomes low-level for 18/xs, 

data of both D 0 ~ D 2 is latched and 
speech generation begins. 

• D 0 ~ D 2 pins .... Eight kinds of phrases may be 

selected. 

Input output Timing chart 



D 0 ~D 2 



SYNC 



>rzx 



LT 



D-A OUTPUT 



t BUSY 



mnr 



Symbol 


Parameter 


Mm 


Typ 


Max 


Unit 


t su 


_ Data setup time 


0 






us 


th 


Data hold time 


25 






us 


tw(SYNC) 


SYNC pulse width 


18 






us 


^BUSY 


BUSY output delay 


12 




25 


MS 


*DA 


Speech output delay 


40 




60 


ms 



MICRO- 
COMPUTER 



M50760-XXXP 



220pF 



220pF 



iff 640kHz 



Vcc Vss 



CE 
Do 
DT 

Di/DTIN 



MS 0 
MS 



SYNC 

BUSY ' DREO/TEST 

XouT DA 0 

X, N DA, 



1 



0.01//F 



itr 



AMPLIFIER 
FILTER 



Ha 



M50805-XXXP 
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(3) External Memory Mode 
Pin conditions 

• Mode select signal pins . . . MS 0 is connected to V ss and 
MS^oVcc- 

• SYNC pin When it becomes low-level 

for more than 18pis, speech 
generation begins. 

• D7/DTIN pin Receives serial data from 

external ROM. 

• DREQ/TEST pin Outputs the read pulse for 

external ROM data 

• D^, D7 pins Connected to V cc . 

Timing Requirement 



Input timing chart 



tsu 



th 



LOAD 



SYNC 



W(LOAD) 



td(SYNC) 
— H~ 



Symbol 


Parameter 


Mm 


Typ 


Max 


Unit 


tsu 


Data set up time 


1 






/us 


th 


Data hold time 


2 






us 


tw (LOAD) 


LOAD pulse width 


1 






MS 


td(SYNC) 


SYNC delay time 


0 






/us 


tw(SYNC) 


SYNC pulse width 


18 






fJS 



Application Example in the External Memory Mode 

Vss Vcc 



A10 



A 8 



A 6 



MICRO 
COMPUTER 

OR 
SWITCHES 



M4516BP 



5 f 15 



7 mr 



A 3 


3 


A 2 


13 


A, 


12 


A 0 


4 



M4516BP 



M4069 
UBP 



♦ 5 f15 



jisjist 



M5L2732K 



Vcc Vss 



10 6 


1 1 


5 


13 


4 


14 


13 


15 


14 


16 


15 


17 1 



irr 



_Vcc Vss 

D 2 /DTIN 

MS 0 




I 



sr 



i 



XOUT 



Do 



DA 0 
DA 



CD 



777 

-Vcc 

-Vcc 



X 



Jw(SYNC) 



AMPLIFIER nT| 
FILTER Li 



M50805 XXXP 
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Input/Output Pins 
Chip enable pin (ce) 



CE 


Mode 


Function 


H 


All modes 


When input is high-level, internal power supply is 
turned off and device enters standby condition 
In standby, both DA 0 and DA, become high-level 




Microcomputer 
control mode/ 

external 

memory 
mode 


When input is low-level, internal power supply is 
turned on At this time a reset signal is automati- 
cally generated and device enters power on- 
mitialization sequence 


L 


Key input 
mode 


The internal power supply is turned on after 
receiving key input At this time a reset signal is 
automatically generated and device enters power 
on-initialization sequence After voice generation 
has ceased, automatic power down circuit operates 
and device enters key input waiting state While in 
the waiting state, BUSY becomes low-level and 
both DA 0 and DAj become high-level 



Reset Pin (RESET) 

The reset pin must become low-level in more than 5ms after 
power has been applied and the supply voltage has reached 
90%. 



D A Output Circuit (DA 0 , DA, ) 

D-A output is PWM (pulse width modulation) and out- 
putted from pin DA 0 when positive and pin DAj when 
negative. 



DA 0 



SPEECH BEGING 



T SAMPLING PERIOD 1 00/us (Typ) 

t w MINIMUM PULSE WIDTH 1 56/js (Typ) f osc = 640kHz 



-e- v C c 



Vcc 



v S s 



v CC 



Ctyp= 
0.01/is" 



77T Vss 




M50805-XXXP 



77T 



Busy Pin (BUSY) 



Mode 


BUSY output 


Microcomputer 
control mode 

External 
memory mode 


The output of this pin becomes high-level during each of 
the following Voice generation, power-on-initialization 
and standby It is necessary to ensure that the BUSY 
signal is low-level prior to generating the voice start 
signal If the BUSY signal is high-level, the voice genera- 
tion start signal has no effect 


Key input 
mode 


The output of this pin becomes high-level during voice 
generation and low-level during power-on-initialization 
and while in the waiting condition It is necessary to 
ensure that the BUSY signal is low-level prior to generat- 
ing the voice start signal If the BUSY signal is high- 
state, the voice start signal has no effect 
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Clock Generator 

The device contains a clock generator which can generate 
a clock signal when either a ceramic resonator or resistor is 
connected externally between the clock output and input 
pins (X| N , X 0 ut)- 

When a clock signal from an external source is being 
used, connect the source of the clock oscillator to pin 
X )N and open pin Xqut- Designate whether or not a 
ceramic resonator or a resistor will be used in the clock 
oscillator circuit as a mask option. 

Circuit examples are given below. 



Externally connected ceramic resonator circuit 



M50805-XXXP 

X IN XquT 



HDI — 

CoUT={= 



CERAMIC RESONATOR 
CSB640P 

(MURATA CORPORATION) 



rrr 





M50805-XXXP/FP 


M50806-XXXP/FP 


CiN 


220 pF 


100pF 


COUT 


220pF 


100pF 



MASK OPTION 

The following mask options are available, specifiable at the 
time of ordering maskings. 

(1) Continuous/single voice generation selecting specifica- 
tion 

Continuous voice generation: 

Voice generation continues as long as D 0 ~ D 2 is 
kept continuously low-level in the key input mode 
or SYNC is kept continuously low-level in the 
microcomputer control mode. 

Single voice generation: 

Voice generation occurs only once when the above 
conditions are met. To generate the voice again it 
is necessary to return either the D 0 ~ D 2 or the 
SYNC to high-level one time and then to low-level 
again. 

(2) Specifications concerning the inclusion or exclusion of 
pull-up resistors for the word select input pins D 0 , D! , 
D 2 , and the synchronous signal SYNC. 

(3) Specifications concerning whether or not a ceramic 
resonator or a resistor will be used in the oscillator 
circuit. 



Externally connected resistor 



M50805-XXXP 

X|N XquT 



• VR 
VR : 200k Q 



External clock input circuit 



M 50805 


XXXP 


X 


N 


XQUT 




^ OPEN 



EXTERNAL SIGNAL 
EXTERNAL CLOCK INPUT CIRCUIT 
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ELECTRICAL CHARACTERISTICS OF THE M50805-XXXP/M50805-XXXFP 
ABSOLUTE MAXIMUM RATINGS 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


Vcc 


Supply voltage 


With respect to the Vss Pm 


-0.3-7 


V 


v, 


Input voltage 


-0.3-7 


V 


Pd 


Maximum power dissipation 


T a = 25°C 


150 


mW 


Topr 


Operating temperature 




-10-70 


e C 


Tstg 


Storage temperature 




-40-125 


'C 


RECOMMENDED OPERATING CONDITIONS ( T a = - 1 0- 70°C . unless otherw.se noted) 


Symbol 


Parameter 


Limits 


Unit 




Mm 


Typ 


Max 


Vcc 


Supply voltage 


3 


5 


5.5 


V 


v S s 


Supply voltage 


0 


0 


0 


V 


fosc 


Oscillation frequency 




640 




kHz 


ELECTRICAL CHARACTERISTICS (T a = - 10 


-70°C, f 0 sc = 640 + 20kHz, V C c = 3~ 


5.5V > unless otherwise noted ) 


Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Mm 


Typ 


Max 


V 0 H 


High level output voltage BUSY, DREQ/TEST 


IOH = 0.1mA 


Vcc-0.8 






V 


Vol 


Low level output voltage BUSY, DREQ/TEST 


IOL = 0.4mA 






0.8 


V 


• oh 


High-level output current DAo, DAi 


V O H = Vcc-0.4V 


1 






mA 


lOL 


Low level output current DAo, DAi 


V O l = 0.4V 


1.6 






mA 


• da 


D/A output current 


Resistor between DA 0 and DA, 10ft at Vcc = 5V 




45 




mA 


• oc 


Supply current (in operation) 


Unloaded input/output 






2 


mA 


• sc 


Supply current (standby) 


Unloaded input/output 






10 


uA 


IlL 


Input leak current 


V,= 0~V C c 






±1 




Ri 


Pull-up resistor b~o~ 57 


V|=V SS , V CC = 5V 




180 




kQ 


Ri 


Pull-up resistor SYNC 


Vi=v S s, v C c=5V 




300 




kQ 


V, H 


High-level input voltage 


V C c = 4-5.5V 


Vcc-1 




Vcc 


V 


VlL 


Low level input voltage 


V CC = 4~5.5V 


0 




1 


V 
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ELECTRICAL CHARACTERISTICS OF THE M50806-XXXP/M50806-XXXFP 
ABSOLUTE MAXIMUM RATINGS 



Symbol 


Parameter 


Conditions 


Limits 


Unit 


Vcc 


Supply voltage 


With re 


spect to the Vgs pm 


-0.3-7 


V 


Vi 


Input voltage 




-0.3-7 


V 


Pd 


Maximum power dissipation 


Ta = 25X 


150 


mW 


Topr 


Operating temperature 




-10-70 


°C 


Tstg 


Storage temperature 




-40-125 


•c 


RECOMMENDED OPERATING CONDITIONS(Ta = -10~70"C, unless otherw.se noted) 


Symbol 


Parameter 


Limits 


Unit 




Mm 


Typ 


Max 


Vcc 


Supply voltage 


2.1 


3 


3.5 


V 


v S s 


Supply voltage 


0 


0 


0 


V 


fosc 


Oscillation frequency 




640 




kHz 


ELECTRICAL CHARACTERISTICS (T a = - 10 


~70*C. fosC = 640 ± 20kHz, V C c = 2.1 


— 3.5Vv unless otherwise noted ) 


Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Mm 


Typ 


Max 


Voh 


High-level output voltage BUSY, DREO/TEST 


IOH=0.1mA 


Vcc-0.8 






V 


Vol 


Low-level output voltage BUSY, DREO/TEST 


IOL=0-4nnA 






0.8 


V 


I OH 


High-level output current DAo, DAi 


V O H=Vcc-0.4V 


0.5 






rnA 


lOL 


Low-level output current DAo, DAi 


V O l=0.4V 


0.8 






mA 


Ida 


D/A output current 


Resistor between DA 0 and DA,10J2 atV cc =3V 




20 




mA 


loc 


Supply current (in operation) 


Unloaded input/output 






1 


mA 


isc 


Supply current (standby) 


Unloaded input/output 






10 


V* 


IlL 


Input leak current 


V|=o~v C c 






+ 1 


/"A 


Ri 


Pull-up resistor Do~Di 


V|=V SS , V C c=3V 




320 




kQ 


Ri 


Pull-up resistor SYNC 


V| = V S s, V C C = 3V 




560 




kQ 


V| H 


High-level input voltage 




ftVcc 




Vcc 


V 


VlL 


Low- level input voltage 




0 




V4Vcc 


V 
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APPLICATION CIRCUIT EXAMPLES 
Speaker Drive Circuit 

a) Direct drive 
Maximum output power 

= 10mW typ (V CC = 5V) 

b) Using an amplifier 

• Maximum output power 

= 60mW typ (V CC = 5V) 

Vcc 

^ , , 470 Q 



Vcc 

■e- 



+ 

22/uFlT 



Vcc DA 0 
M50805-XXXP 

v S s DA i 



77T 



Vcc 

2SA1115 T 2SAI115 



X 



10//F 



SPEAKER 
8Q 




47// F 



Maximum output power 

= 500mW typ (V CC = 5V) 
With volume control 



Vcc 



Vcc 


DA 0 


M50805 


XXXP 


Vss 


DA, 





777 



470 Q 



Vcc 



IL + 470>uF 



2SA695X4 



frr 



HIGH OUTPUT 



22 Q _ 
— Wv oro- 



MEDIUM OUTPUT 

I vVv O^O- 

100 Q LOW OUTPUT 10//F 



SPEAKER 
8Q 

St 




777" 



c) Filter amplifier circuit 

Operational amplifier used as a filter amplifier circuit 
Maximum output power = 200mW typ.(V cc =5V) 



2SA628 



DA 0 



DA, 




77T m 



w 

M5218L (1/2) 



WW w 
M52I8L (2/2) 



M5150IL 
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METHOD OF ORDERING SPEECH ANALYSIS 
AND MASK ROM 
Steps taken in ordering 

(1 ) Decisions concerning specifications 

Decide the specifications concerning the content of the 
speech, the language, the speaker, etc. 

(2) Ordering 

When ordering, ensure that the necessary information has 
been entered in both the speech Analysis Request Form 
and Speech List. Be sure to also include the musical score 
if a melody is necessary. 

(3) Recording 

A recording of the original speech is made in a studio using 
an experienced narrator. Attendance is permitted for either 
confirmation or giving speech instructions. 

(4) Analysis 

Speech parameters of the voice are analized through use of 
a voice analysis system centered on a MELCOM 70/40 mini- 
computer in the Mitsubishi Speech Center. The data is 
written on a EPROM, and along with the Analysis Approval 
Form and Masking Approval Form is forwarded to the 
customer. 

(5) Sound evaluation 

The delivered EPROM is inserted in either Mitsubishi's 
voice evaluation board or a similar device and the quality 
of the synthesized speech is confirmed. If the quality is 
found to be acceptable, the Analysis Approval Form and 
the Masking Approval Form are to be signed and returned 
to Mitsubishi. 

(6) Mask production 

A MASK ROM is produced from the EPROM data. An ES 
sample for the confirmation of electrical characteristics is 
sent along with an ES Approval Form to the customer. 

(7) Sample evaluation 

If results of ES sample evaluation prove to be acceptable 
the ES Approval Form is to be signed and returned to 
Mitsubishi. 

(8) CS sample production 

This is a sample having the same characteristics as the mass 
produced device. 

(9) Mass production 

After production of the CS sample mass production is 
begun. 
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ORDERING FLOW CHART 



^ CUSTOMER^ 



(MITSUBISHI^ 




(3) 



SPEECH LIST 



(4) 



(5) 



SOUND 
EVALUATION 



FORWARDED 



(DATA 




PREPARED) 




I 


EPROM 






ANALYSIS 




APPROVAL 




FORM/ 




V^^^M ASKING 


APPROVAL 


FORM 




MODIFICATION 
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MITSUBISHI SPEECH SYNTHESIZER LSI 
M50805-XXXP, FP 
M50806-XXXP, FP 
SPEECH ANALYSIS REQUEST FORM 



Customer 
Company name 



Company address 
Company contact 



Tel 



Date 



Signature 



Prepared 



Approved 



1. Specifications 
Recording 

(necessary /unnecessary ) 



Analysis 

(necessary/unnecessary ) 



Mask 

(necessary /unnecessary) 



Language 



Length of speech 
Length of melody 



Sex 



seconds 



seconds 



— Voice evaluation board (necessary /unnecessary) 



2 Schcdu le 

Analysis Analysis and masking 
Recording -. comp|etjon -* approval ^ ES — ' cs — MP 

Desired date (/) (/) (/) < / ) ( / ) (/) 



(month/day) 



EPROM 

1 set 



unit(s) 



unit(s) 



unit(s) 
/month 



Lot 



unit(s) 



Mitsubishi Entry Column 



Parameter 


» Type 


Order number 


Amount 


Cost 


Order date 


Completion date 


Transfer of 
money 


Recording 


VOICE-SOFT 


00-38- 












Analysis 


VOICE-SOFT 


00-38- 












Voice evaluation 
board 


VOICE-SOFT 


00-38- 












Mask 


VOICE-MASK 















Notes 
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Mask ROM number 



M50805-XXXP, FP pncp/Mi , ,„ 

SPEECH LIST 

M50806-XXXP, FP 





Address 


Speech content 


Notes 


No. 


D 2 


Di 


Do 


1 


H 


H 


L 


















2 


H 


L 


H 


















3 


H 


L 


L 


















4 


L 


H 


H 


















5 


L 


H 


L 


















6 


L 


L 


H 


















7 


L 


L 


L 


















8 


H 


H 


H 
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CONTACT ADDRESSES FOR FURTHER INFORMATION 



JAPAN = 

Semiconductor Marketing Division 
Mitsubishi Electric Corporation 
2-3, Marunouchi 2-chome 
Chiyoda-ku, Tokyo 100, Japan 
Telex: 24532 MELCO J 

Telephone. (03)218-3473 
(03) 218-3499 
Facsimile: (03)214-5570 

Overseas Marketing Manager 

Kita-ltami Works 

4-1, Mizuhara, Itami-shi, 

Hyogo-ken 664, Japan 

Telex: 526408 KMELCO J 

Telephone: (0727)82-5131 

Facsimile: (0727) 72-2329 

HONG KONG = 

Ryoden Electric Engineering Co, Ltd. 
22nd fl , Leighton Centre 
77, Leighton Road 
Causeway Bay, Hong Kong 
Telex: 73411 RYODEN HX 

Telephone (5) 7907021 
Facsimile. (852) 123-4344 

SINGAPORE - 

MELCO SALES SINGAPORE PTE. 
LTD 

230 Upper Bukit Timah Road #03-01/ 
15 

Hock Soon Industrial Complex 
Singapore 2158 
Telex: RS 20845 MELCO 

Telephone: 4695255 
Facsimile: 4695347 

TAIWAN ' = 

MELCO-TAIWAN CO., Ltd. 
1st fl , Chung-Ling Bldg , 
363, Sec. 2, Fu-Hsing S Road, 
Taipei ROC. 
Telephone: (02) 735-3030 
Facsimile (02) 735-6771 
Telex: 25433 CHURYO "MELCO- 

TAIWAN" 

U.S.A. ========== 

NORTHWEST 

Mitsubishi Electronics America, Inc 
1050 East Arques Avenue 
Sunnyvale, CA 94086, U.S A 
Telex 172296 MELA SUVL 

Twx: 910-339-9549 
Telephone (408) 730-5900 
Facsimile: (408) 730-4972 

SOUTHWEST 

Mitsubishi Electronics America, Inc 
991 Knox Street 
Torrance, CA 90502, U.S.A. 
Telex: 664787 MELA TRNC 

Telephone: (213)515-3993 
Facsimile: (213)324-6578 



SOUTH CENTRAL 

Mitsubishi Electronics America, Inc 
2105 Luna Road, Suite 320 
Carrollton, TX 75006, U.S A. 
Telephone- (214)484-1919 
Facsimile (214) 243-0207 

NORTHERN 

Mitsubishi Electronics America, Inc 
15612 Highway 7 #243 
Minnetonka, MN 55345, U.S A. 
Telex: 291115 MELA MTKA 

Telephone (612)938-7779 
Facsimile: (612)938-5125 

NORTH CENTRAL 

Mitsubishi Electronics America, Inc 

800 N Bierman Circle 

Mt. Prospect, IL 60056, U.S A 

Telex- 270636 MESA CHIMPCT 

Telephone: (312)298-9223 

Facsimile (312) 298-0567 

NORTHEAST 

Mitsubishi Electronics America, Inc 
200 Unicorn Park Drive 
Woburn, MA 01801, U S A 
Telex: 951796 MELA WOBN 

Twx. 710-348-1229 
Telephone (617)938-1220 
Facsimile- (617)938-1075 

MID ATLANTIC 

Mitsubishi Electronics America, Inc 
Two University Plaza 
Hackensack, NJ 07601, U S.A 
Telex- 132205 MELA HAKI 

Twx. 710-991-0080 
Telephone: (201)488-1001 
Facsimile: (201)488-0059 

SOUTH ATLANTIC 

Mitsubishi Electronics America, Inc 
6575 The Corners Parkway 
Suite 100 

Norcross, GA 30092, USA 
Twx- 910-380-9555 
Telephone. (404)662-0813 
Facsimile (404) 662-5208 

SOUTHEAST 

Mitsubishi Electronics America, Inc. 
Town Executive Center 
6100 Glades Road #210 
Boca Raton, FL 33433, USA 
Twx: 51 0-953-7608 

Telephone (305) 487-7747 
Facsimile: (305) 487-2046 



WEST GERMANY ======= 

Mitsubishi Electric Europe GmbH 

Headquarters 

Gothear Str 6 

4030 Ratingen 1, West Germany 
Telex 8585070 MED D 

Telephone: (02102)4860 
Facsimile: (02102)486-115 

Munich Office - 

Arabellastrafte 31 

8000 Munchen 81, West Germany 

Telex: 5214820 

Telephone: (089)919006-09 

Facsimile- (089)9101399 

FRANCE = 

Mitsubishi Electric Europe GmbH 
65 Avenue de Colmar Tour Albert 1er 
F-92507 Rueil Malmaison Cedex, 
France 

Telex: 202267 (MELCAM F) 

Telephone- (01)7329234 
Facsimile (01) 7080405 

ITALY ========== 

Mitsubishi Electric Europe GmbH 
Centro Direzionale Colleoni 
Palazzo Cassiopea 1 
20041 Agrate Bnanza l-Milano 
Telephone- (039)636011 
Facsimile: (039)6360120 

SWEDEN = 

Mitsubishi Electric Europe GmbH 
Lastbilsvagen 6B 
5-19149 Sollentuna, Sweden 
Telex. 10877 (meabS) 
Telephone (08) 960468 
Facsimile (08) 966877 

U.K. 

Mitsubishi Electric (U.K.) Ltd. 
Hertford Place, Denham Way, 
Maple Cross, Rickmanworth, Herts, 
WD3 2BJ, England, U K. 
Telex: 916756 MEUKG 

Telephone. (923) 770000 
Facsimile: (923) 775282 

AUSTRALIA = 

Mitsubishi Electric Australia Pty. Ltd 
73-75, Epping Road, North Ryde, 
P.O Box 1567, Macquarie Centre, 
N S W, 2113, Australia 
Telex: MESYDAA 26614 

Telephone: (02) (888) 5777 
Facsimile (02) (887) 3635 
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